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Dl'l'RODUC'!'I OIi 
One of the unique characteriatics of the oral 
cavity i• the large number of microbial inhabitants that 
it support• even when it is completely normal and healthy. 
Although this microbial population is always very great, 
considerable differences may exist among individuals and 
within the same person at various times. Moat organisms 
which are commonly associated with oral diaeases can be 
found readily in the absence of any clinical condition. 
'l'he differences which can be demonstrated between healthy 
and diseased mouths are for the most part quantitative. 
'l'he importance of this situation in relation to oral dis-
•••• in general and to the most widespread and important 
of these diseases, the inflammatory periodontal condi-
tion• in particular, cannot be overemphasized. Although 
many other factors, such aa the nutritional and hormonal 
status of the boat, poor oral hygiene, the presence of 
local mechanical irritants, the anatomical configurations 
of the teeth and related structures, and vague hereditary 
or constitutional factors influence the initiation and 
progression of inflammatory periodontal disease, there is 
little doubt that bacterial action is intimately associ-
ated. However, JCoch's postulates have never been 
-2-
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adequately related to thi• condition. On the other hand, 
that oral microorganism• have pathogenic potential can 
be readily demonstrated by injecting gingival suppurative 
material or debris subcutaneously into experimental 
animal• such aa the guinea pig. 63, 75 , 99 This injection 
results in the formation of an abcess containing an 
abundant foul-maelling exudate which may be aspirated and 
uaed to infect additional animal•. 1'he fact that infec-
tion• similar to the experimental type in animals occur in 
man in the form of bite wounda, 83 lung abcesses, 97 and 
tropical ulcer3, 113 indicate• that some of the oral micro-
bial flora are, under the proper circumatances, pathogenic 
for man. 
It has been demonstrated that bacterial populations 
of the mixed anaerobic guinea pig infection include spiro-
chetea CTrepon•rne misrodentium), Pusob•cteriurn, vibrios, 
spirilla, Bacteroid•• species, anaerobic streptococci, 
and anaerobic aiphthe.roida.73, 74 Individual cultures, in 
general, have been found to be non-infective, but combi-
nation• of pure cultures derived from the mixed infection 
have been used successfully to reproduce the typical sub-
• 
cutaneou• infection in the guinea pig. 75 Analysis of the 
essential components in one s~ch infection has led to the 
conclusion that a minimum of four different organisms is 
required, namely, two l1steroides species, one of which 
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i• Bac:t,roiO•• melanino9anicu1, a motile Gram negative 
anaerobe, and a facultative 4'·iphthe~oid .• 76 
4 
'l'he foregoing diacuaaion has elicited the pre-
swnptive evidence that bacteria are an indispenaable 
component of periodontal disease. Although their mechan-
ism of action has not b .. n clearly defined, the following 
poasibilities exist. Studies professing to show the 
preaence of microorganianaa residing in non-traumatized 
gingival tissue have b .. n reported. 59160, 61 However, 
since the tissues for the•• studies have been obtained by 
gingivectomy, it is likely that the surgical procedure is 
responsible for the introduction of microorganisms into 
the tisaues. Bxaminations of block sections fail to 
reveal the presence of bacteria in the connective tissue 
contiguoua to bacterial plaques. 137 'therefore, the 
products o_f bacteria are probably more important than 
the bacteria themaelvea: in fact, members of the gingival 
debris microbiota have been ahown to produce tissue des-
troying enzyme•, endotoxins, and metabolites • 
Jlicroorganiams iaolated from periodontal pockets 
display a variety of enzymatic capabilities, 64 including 
the hydrolysia of collagen (collagenase) 51 and of 
. 
hyaluronic acid (hyaluronidase) •108 Byaluronidase1 and 
teaticular hyaluronidase106 introduced into the gingiva 
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5 
produce edema, diaruption of the connective tissue ground 
substance, and proliferation of the epithelial attachment • 
'the collagen breakdown in gingivitis and periodontitis 
may be related to collagenolytic activity of oral 
bacteria. 40 
'the diffuaion of toxic bacterial products from the 
resident flora into the sul>jacent tisauea may be a factor 
in the pathogeneai• of periodontal diaease. 16, 48 So 
exotoxins have been demonatrated in the oral cavity except 
in aaaociation with apecific infectioua diaeasea. 38 On 
the other hand, it is well eatabliahed that Gram negative 
oral bacteria contain endotoxina, 84, 85, 98 which are 
capable of injuring gingival tissues by affecting the 
vaacular bed, eliciting an inflammatory response, and by 
interfering with the normal cellular metabolism. 
In addition to the above factors, cells and 
tissues often become allergic to one or more components 
of bacteria, usually proteins or protein-carbohydrate 
complexea. 142 'l'he tissues then react unfavorably to 
these sul>atances with edema and erythema, chronic inflam-
mation, or both. 'thus auto-inoculation by exposure of 
the tissues of the periodontium to the resident bacteria 
over a long period of time may sensitize them to some of 
the bacterial antigens. 16 
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'the richnea• and complexity of the bacterial 
flora associated with the periodontal pocket has 
6 
hampered agreement a• to their role and mechanism of 
action in periodontal disease. '!he relationship between 
the inflammatory periodontal diaeases and their associ-
ated bacterial agents appears complicated when compared 
with such clear-cut examples of bacterial infection as 
tuberculo•i• and typhoid feverr yet it should be 
remembered that this situation i• also true of oral dis-
eaaea in general. '!hua, in order to gain an insight into 
the initiation and progresaion of periodontal disease, 
an underatanding of the normal condition i• essential. 
'the first step in acquiring this understanding of the 
normal condition must be an examination of the gingival 
sulcua because of its intimate relationship with the 
incipient periodontal lesion • 
'l'he objective of this project ia to establish a 
technique for the investigation of the microbial popu-
lation of the normal gingival sulcus. As any study of 
the normal muat be performed in the context of the 
balanced physiologic state, a knowledge of the physiology 
of the gingival sulcus is essential. 
Thia subject has been discussed in great length 
in the literature, and yet there is no uniformity of 
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opinion concerning the problems involved. The essence 
of these problems lies in the realm of tooth-gingival 
attachment, the sulcular fluid, and the question of 
sterility of the sulcular area. 
Physiologically and clinically, the juncture of 
the soft oral tissues to the hard dental tissues is of 
great importance. This union is unique in the human 
7 
body and constitutes a point of lessened resistance to 
mechanical and bacterial attack. The biologic protection, 
the sealing of the dento-gingival junction, is the func-
tion of the epithelial attachment, whose adherence to the 
tooth surface in a healthful state is a well-documented 
fact, although the exact mode of this relationship is not 
understood in all details. Therefore, it is important to 
survey the different opinions on the soft tissue-tooth 
relationship with reference to both its genesis and 
morphology. 
Of importance also is a consideration of the 
sucular fluid. The existence of a fluid flowing from the 
gingival sulcus has been conjectured for more th·an half a 
century1 however, its relationship to periodontal disease 
still remains the subject of controversy. On one hand, 
the theory has been proposed that it plays a prominent 
role in the etiology of periodontal diaease by providing 
) 
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., 
the substances necessary for calculus formation and 
bacterial growth. On the other hand, the view has been 
expressed that the fluid has the prophylactic functions 
of flushing injurious matter from the sulcus and of 
bathing the area with antibacterial elements. 'l'hus it 
becomes evident that the sulcular fluid i• intimately 
related to the phyaiology of the crevicular area. 
8 
Recent work has brought into perspective the 
problem of microorganism• and their metabolites as etio-
logic agents in periodontal diaeases. 'l'he exact mechan-
isms by which theae microorganisms affect the perio-
dontium are not known, but that many of the oral microbes 
produce tissue-destroying enzymes and endotoxins has been 
clearly shown. 'thus the presence or absence of bacterial 
activity in the sulcular area becomes one important con-
sideration. in the etiology of periodontal disease. 

CBAPTBR I 
pento-Ginaiyal Junc;tion 
The method of attachment of the gingival epithel-
ium to the enamel surface and, at a later period, to the 
cementum, haa been the aubject of numerous and contro-
versial writing• in the dental literature. 'l'he essence 
of thi• problem ia whether the gingival epithelium is 
organically attached. to the tooth surface or whether it 
is merely in a contact relationship. In order to gain 
inaight into thia question, it ia necessary to begin with 
a diacuaaion of the genesia of the gingival sulcus. 
'!'he earlier dental histology texts make sparse 
reference to the gingival sulcua and its originr 20, 86, 87 , 121 
however, those of more recent date, 69188192 in discussing 
the relationship of the formation of the sulcus to the 
enamel organ, state that upon completion of enamel for-
mation, the ameloblasts produce a thin continuous layer, 
the primary cuticle, covering the entire surface of the 
enamel and often identified as Raamyths' membrane68 after 
its tirat investigator. Upon examination under the 
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electxon microscope, the primary enamel cuticle of 
unerupted teeth i• revealed a• a continuoua membrane 
organically connected to both the enamel matrix and 
11 
the ameloblaata, with an approximate thickness of two-
tenths of a micron. 123 When the enamel has completely 
developed and matured, the ameloblaats cease to be 
arranged in a well-defined layer and can no longer be 
differentiated from the cells of the stratum inter-
medium and outer enamel epithelium. These cells then 
form a stratified epithelial covering of the ename~ the 
so-called reduced enamel epithelium. 'l'he reduced enamel 
epithelium combines with the oral epithelium as the 
tooth approaches the oral cavity. 'l'he combined odonto-
genic and oral epithelia which cover the tip of the 
crown degenerate in the center and the crown emerges 
into the oral cavity. 
Up to this point, most of the authorities -seem to 
be eaaentially in agreement1 however, four different con-
cepts have been suggested concerning the development of 
"' 
the gingival sulcus. According to Gottlieb, 54, 55 the 
reduced enamel epithelium covering the crown fuaes with 
the oral epithelium and becomes the "epithelial attach-
ment." Be postulates that the epithelial attachment is 
org~ically affixed to the enamel and unites it to the 
oral epithelium. When the tooth first erupts into the 
, 
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12 
oral cavity, the epithelial attachment forms a broad band 
around the crown from the tip of the cusp to the cemento-
enamel junction. As the tooth erupts, the superficial 
portion of the epithelial attachment progressively separ-
ates from the enamel, leaves a cuticle adherent to the 
tooth surface, and form• a apac.--the gingival sulcus. 
According to this theory, the base of the sulcus is 
located at the moat suptarficial level at which the epi-
thelium is attached to the tooth. 
Weski 138 a~oaa 57 Buler 47 lfodeho1111e, 140 and I • I I 
Toller119 contend that the gingival sulcua is formed by 
a split in th• epithelial attachment, referred to as the 
"intra-epithelial split," rather than by separation from 
the tooth and that after eruption through th• oral epi-
thelium a apace does not exist between the enamel and 
reduced enamel epithelium. 'lhe fuaed enamel epithelium 
is joined by the ameloblaatic cuticle to the enamel and 
lies much closer to it than does the oral epithelium. 
Weeki.. states a 
Bow the time comes that the enamel epithelium must 
make a decision as to which aide it will go to. 
This is resolved by a tear in which the larger por-
tion of the reduced enamel epithelium lies with 
the basal cell layer, while a more superficial 
layer lies in continuity with the primary cuticle. 
'!he pocket conaequently produces an intra-epithelial 
split, a retrocuticular fissure in the epithelium. 
As far as it is made up, the epithelium margins 
become the epithelium of the pocket.138 
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Moat of the epithelial cell• keep their connection with 
the basal layer of the oral epithelium, but a few cells 
remain attached to the primary enamel cuticle. 
13 
According to a third tbeory of sudcus formation, 
• 
first Becka11 and.later Skillen, 112 Baume, 9110 NcBugh, 82 
2 . 100 Aldritt., and Goldman propose that as the erupting 
tooth firat project• into the oral cavity, the oral epi-
thelium fus•• with the reduced enamel epithelium. Cells 
from the oral epithelium proliferate down around the con-
nective tisaue aid• of th• epithelial attachment. As the 
oral epitheliUlll proliferates apically, the epithelial 
attaclunent d99enerates and it• remains form the secondary 
cu~ic le. '1'h• baa• of the aulcua ia then located at the 
line of fuaion of both epithelia. It ia difficult to 
determine which event takes place first, the degeneration 
of th• enamel epithelium or the growing down of the oral 
epithelium . 
Another school of thought denies the presence of 
an epithelial attachment to enamel. '!he proponents of 
thi• concept postulate that, when the tooth erupt~, there 
exists a capillary apace between the tooth surface and 
the "epithelial cuff," the . space extending to the 
. 
cementa-enamel junction and termed the "gingival sulcus." 
'!his concept i• an older one18121 which has recently been 
14 
given renawed intereat. 124 
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Xn addition to the controversy which exists as to 
.; 
the genesis of the gingival sulcus, the nature of the 
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juncture of the epithelium to the enamel is also subject 
I 
to diapute. Basically, the protagoniats can be divided 
) 
. 
into two camps. On the one hand, there are tho•• believ--
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. . . 
ing in th• exiatence of • true attachment between the 
enamel and the epithelium. 'l'hi• theory, first set forth 
-· . ,_ . 
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. by Gottlieb, 54155 that an organic bond exiats betwaen the 
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odontogenic epithelium surrounding the crown and the 
. . 
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enamel, ha• b .. n continued in th• American literature by 
. . 
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. 
orban96 and xronfeld, 67 using the term, "the epithelial 
. 
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. ~ 
attachment. " Roting that the epithelium i• not connected 
.. 
• • . 
Xronfeld67 
' . 
to the tooth in a line, hut rather in a band, 
. . ·) 
' 
' 
' .. 
.... 
has suggested that th• reason many investigators deny 
• the exiatence of the epithelial attachment is that it is 
not seen after the enamel is decalcified for microscopic 
. 
. . observation. Re has also observed that calculus is 
, frequently seen to extend to the bottom of the crevice, 
.. 
J but no further, and that epithelium frequently adheres 
. 
- to extracted teeth. 
. 
J . 
. . 
Xn a study of the nature of the attachment of 
.. '""' ... 
the epithelium to enamel, Jan·ley77 has further substanti-
. 
' 
ated Xronfeld's observations by noting that in partially 
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decalcified aection• particle• of enamel have b-n seen 
attached to oral epithelium. In addition, his findings 
reveal that the epithelium, upon being separated from 
the tooth during sectioning, tears in the middle and 
leaves some cell• on the enamel cuticle as well as a 
apace between it and the remaining epithelium. By 
mechanically retracting the gingivae from non-decalci-
fied sectioned teeth, Toller120 has observed that the 
tissue i• severed from the tooth to a certain depth but, 
beyond this level, it tears rather than separates. 
Baume10 baa concluded that the epithelial attachment is 
a fil>rillar structure and that tono-fil>rila of the epi-
thelial cells are in continuity with the primary enamel 
cu.de le. An anchorage of thia kind ia unlikely on the 
baaia of observation• in the electron microscope which 
have ahown the lack of exiatence of tono-fibrils. 89 
Reporting -on two chance observations, .Nacapanpan72 has 
alao dUlOnatrated a strong attachment of epithelimn to 
the tooth. In the first, even after the enamel has 
ahrunken away from the dentin, the enamel matrix remains 
attached to the epitheliUJll1 and in the second, a .layer 
of epithelial cells ia still attached to the enamel even 
after the gingiva has been pulled away. 
In Ussing's opinion, 123 as long as enamel matur-
ation is not completed, there is evidence for a primary 
16 
• 
..., 
organic union between ameloblasta and th• enamel, with 
.; 
.. . 
the primary enU1el cuticle interposed. rurther, this 
~ 
primary union is thought to persiat after the matur-
. 
. 
" 
ation of the enamel and calcification of th• primary 
. cut:icle. 1'bu• the epithelial attachment in the erupted 
• 
and functioning tooth i• regarded aa a primary onenesa 
of cell• and enamel. However, Orban49, 95 doubts that 
j 
thia primary attachment can p•r•i•t into the functioning 
J 
~ 
period of the tooth and feel• that it is replaced by a 
~. 
aecondary attachment through the formation of a cementing 
'J. 
eubatance, namely, the keratinoid or hornlike aecondary 
' 
~ cut:icle. 
. - .. 
~ ) . 
. . 
. 
~n contraat to the theory of the organic epithel-.. . 
·. 
. 
. ial attachment, there are those who feel that no actual .. j 
· ' 
. 
• . 
.. 
-
attachment exists betw .. n epithelium and enamel and that 
r , the bottom of the physiologic · gingival sulcus is located 
, 
. 
' 
. 
I , , . 
~ , at the cemento-enarnel junction. 'l'hia theory, first pro-. .. 
. 
18 · 
•• 
, 
. posed by Black in 1915, has been revitalized recently 
.; 
. in an experiment by waerhaug. 124 .; • .. In this investigation, 
-
. . . 
.. • t passing thin contoured steel blades into the sulcua, he 
; has determined, on the basis of both hiatologic and 
' 
. . . 
J • radiographic observation, that the blades extend to the 
' 
" 
I cementa-enamel junction, and that the relationship of the . 
.. 
• 
aulcular epithelium to the enamel is one of adhesion 
.J I ., 
. 
rather than attachlllentr therefore, he feels this 
.. • .. "'I . · . 
•. . ., 
17 
. ~ . 
' relationship should be called the •epithelial cuff." In 
·. 
another article., 128 waerhaug auggesta that the primary ·. . . 
_, enamel cuticle may not repreaent an anatomic entity 
• • I ~ , formed by the -loblaata., but rather ia a non-calcified 
. 
. . . •, 
. 
. . . 
' 
. . product of the epithelial cuff. A aeries of recent 
-
.. ' 
- .., papers ha• reported that the epithelial cell• adapt to 
. 
. 
crowns 
125 strips., 141 t •. 
' artificial cellulose acetate ., 
. tipa., 129 metal wirea., 130acrylic . . . . aci:-ylic. root resin , ' . . . 
. 
implanta., 133 gold foil. 127 . and replanted teeth plated with 
. 
Waerhaug1311132 explain• the microacopic • . . observation of ., .. , . 
' .. an "epithelial attachment" aa artifact. He proposes that ~ 
.., ... fixation with formalin causes coagulation of colloidal 
-
aubatancea and tissue fluid in and between the cells of 
the epithelial cuff and between this cuff and the enamel r 
. 
; , 
thus appears the impreaaion of an attachment to the 
I 
cuticle. It should be noted for completeness that 
• 
attempts to duplicate Warehaug's work have been reported 
.. . . 
' 
. 
to be unsuccessful. 94, 951135 
- ~ 
• !'he epithelium of the gingival crevice--like 
other epithelia--i• constantly renewed by cell divisions 
·. 
' 
. in the basal layer and ia accompanied by a gradual t 
' 
. 
. 
' ' migration of the older cells to the surface until they .. . .. 
. 
.. . are finally shed into the gingival crevice. Por this ~ • 
J J r the.re has been recent speculation that contact 
.. ' reason., 
. 
'· 
-
. with the enamel surface depends on chemical bonding and 
' ' 
, 
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. physico-chemical forces of adhesion. In a. recent publi-.. , 
.. . . 
. 
cation, 109 , ' Schultz-Baudt, J1t. .aJ.., have presented a 
detailed diacusaion of th• hypothetical substances, 
force•, and other factors which may be involved in cellu-
lar stickineaa. '!'his information is then related ·to the 
gingival epithelium-enamel aurface interface. It has ~ 
• J 
. . . . 
-
been auggeated that sticky properties of crevicular epi-
- . 
thelial cells are dependent upon the elaboration of a 
. surface material which i• thought to be a mucopolysacchar-
. . • 
-· !de-protein complex. 
) 
It i• further suggested that the 
·. 
. 
' enamel itaelf present• a sticky surface in the form of a . .. 
) . . 
_;; secondaX'.y cuticle containing a polysaccharide-protein 
.. 
·. .. complex. In addition, the intervening medium (gingival 
J 
, 
fluid) i• considered to be of importance in influencing 
the epithelial-enamel relationship~ 'that the fluid con-
J J tains ion• and also . serum proteins tends to enhance this 
• 
~ relationship, while the mere passage of the fluid as well 
a11 its vi,saocity tends to interfere. Physico-chemical 
forces are also considered to be of significance. It is 
, 
. felt that there i• a balanced action of electrostatic 
J 
• 
' 
, 
. . 
. • 
' repulsion and van der Wall• attraction resulting in a 
. 
. 
, .. 
•. 
contact relationship of the cell• and the enamel surface 
·-.. • .J 
·. . 
100-200 i . J . .. '!'hi• diatance .allows for the strengthening at 
. , 
. 
. 
... 
. .. 
. .. , . 
of ~e attachment by chemical bonding, while at the same , 
. ) . , ) .. . . 
.. time permits not only the of tissue fluid, but paasage 
; 
. 
, 
• 
.. ) 
I 
.. . 
JI 
., 
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also the gradual outward movement of desquamated cells. 
Other factors which have been mentioned in keeping the 
epithelium in "contact" with the enamel are the circular 
connective tissue fiber• and blood pressure of the 
gingival corium. In contraat, it ha• been noted that 
there i• much data to the effect that members of the 
gingival microbial flora produce enzymes and endotoxins 
capable of reducing the stickiness of cell•. 'ftle sugges-
tion has been made that the initial role of such enzymes 
in periodontal di••••• may be one of cauaing epithelial 
detachment so aa to increaae the posaibility of diffusion 
and penetration of injurioua agent• into the connective 
tiaaue. 
In a study of the jaws of adult rats and mice, 
Toto and Sicher122 have shown that each individual 
epithelial cell, ' in all layers of stratified squamous 
epithelium, is completely enveloped in a diastase and 
hyaluronidaae reaiatant neutral mucopolysaccharide, which 
is observed in the basement membrane, intercellularly, on 
the non-keratinized aulcua epithelium and at the epithel-
ial attachment. :rurther observation• reveal that the 
band• of this material present at the basement membrane 
and at the surface of the epithelial attachment adjacent 
to the decalcified enamel space stain heavier than that 
of any other area. The authors conclude that this 
20 
~ • . .., 
mucopolyaaccharide i• secreted by the epithelial cells 
. 
. 5 ; 
..... ' 
and aids in cementing these cells to each other as 
- , 
. 
"' 
well as to the underlying connective tissue and to the 
tooth. 
-., 
- t 
-· 
. 
-. 
., 
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In spite of th• large amount of material which 
. . 
, - . ha• been presented on the epithelial-enamel juncture, • -' 
• 
. 
. . the exact nature of this relationship ha• not been . 
• 
) resolved. However, it seems likely, when this problem 
. . 
-
' 
is conaidered in th• context of the dynamic physiology of 
, 
. . the sulcua, that a primary union of odontogenic epithel-, . . 
l • 
-· 
. ,.., ... . - ium and enamel cannot persist. 'l"hua we are left with two 
possibilities a an epithelial attachment by a secondary 
cementing aubatance or a mere adhesion of epithelium to 
·-
enamel with the presence of an intervening capillary 
-
. 
space • It is interesting that in the two most recent 
; . , . 
' 
. 
' 
articles on thia subject, there appears to be some 
• t degree of convergence of the two schools--that of the 
~ - ., ' , 
presence of an extracellular substance which is hypothe-
... 
' . 
. 
t . 
sized to play an important role in "epithelial attach-
. 
, , 
ment. ti 
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ginqiyal Zi••lle r1ui4 
'l'he atudy of the gingival aulcus has recently 
changed from a static approach to one of dynamic 
phyaiology. On• of the moat important factors in this 
dynamic approach is the continuou• flow of fluid from 
21 
the crevice area. Thia importance is derived from the 
fact that the fluid i• intimately related with each of 
the other two major factors of aulcus physiology--
epithelial attachment and microbiology. Since the fluid 
is constantly within the au,lcus., any microbe present 
muat reside in it. The fluid may provide a source of 
nutrition for the flora or., on the other hand., may act 
as an element of defense against it. 'the fluid is 
related to the sulcular epithelium in that it carries 
the products of epithelial proliferation out of the 
crevice • . In addition, the mere presence of the fluid in 
the sulcus signifies that it must have permeated the 
crevicular epithelium. Much of this speculation has been 
the subject of studies accomplished within the last ten 
years in an attempt to prove a theory proposed at least 
fifty years ago. 
'the 
was made by 
first reference to 
110 Serres as early 
the gingival tissue fluid 
as 1817. He felt it 
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emanated from glands embedded in the gingiva. Bo addi-
tional material could be found until 1899, when G. V. 
Black17 shorid photomicrograph• of "glands" in the 
periodontal ligament near cementum. Be believed that 
th••• "glands" compriaed an interlacing network around 
the tooth and claimed that he saw ducts running toward 
22 
th• epithelimn of the gingiva. Be also thought that sub-
gingival calculus was a product of serwn which flowed 
into the aulcus and increaaed in the presence of irri-
tation.19 
Stillman and 11cca11118 observed that the tooth 
surface wa• conatantly cleansed by the crevicular fluid. 
Nc:Call speculated that "there is constantly exuded a 
serous fluid. Its composition 'is unknown, but it is 
evidently in large part a transudation from the blood. 1181 
Be believed that caries formation could be due to acid 
from a few sources, one of which was the "perverted 
exudate" from the gingival crevice in the presence of 
gingival infla.-ation. 
Bodecker22 tended to disagree with Black in that 
he found no glands in histologic specimen• of gingival 
tissue. Be also contradicted Nc:Call's idea that the 
fluid was a transudate. Be agreed that the fluid was the 
cause of erosion of teeth but felt that it was an 
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inflammatory exudate. 
Mor• recently, waerhaug124 revived this concept 
of continuou• fluid flow. Be placed India ink particles 
in the healthy sulcus, found they were eliminated within 
forty-eight hours, and concluded that the fluid proceeded 
out faster than aaliva could penetrate in by diffusion. 
134 Waerhaug and Steen placed known bacteria in the sulci 
of dogs and humans and found that th••• organisms also 
ware eliminated in healthy crevice•, presumably by the 
flushing action of the gingival fluid. 
In 1955, Waerhaug126 attempted to prove that 
saliva did not penetrate into the gingival crevice. Be 
devised a full crown that created a compartment between 
the tooth and the inner surface of the crown, but at the 
same time sealed the gingival sulcus area. Be placed 
cotton inside the crown, saturated it with vital dyes 
(methylene blue, alizarin red, and toluidine blue), and 
cemented the crowns in place. After bathing in the dyes 
for six to ten hours, the sulci were examined, and it 
was observed that no dyes entered the sulcus area. Prom 
this information, he concluded that saliva also cannot 
enter the crevice. Although waerhaug realized that the 
effect of hi• experiments may have interfered with the 
normal physiology of the pocket, he was convinced that 
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hi• finding• were the reault of some functional mechan-
i11111s. 
24 
One of the first to •peculate on the role of the 
gingival fluid was Arnim. 41516 Be hypothesized that this 
"exudate" provided the adherent bacterial masses with an 
abundant food supply•• it seeped through the thin epi-
thelium of the healthy gingiva adjacent to the tooth 
surface. He also mentioned the idea of the removal of 
extraneou• material by the fluid flow and its poasible 
implication as a defense mechanism against gingival 
di-•••· 
.axperimentation to establish the definite exist-
ence of a flui4 resumed again in 1958 with Brill and 
Xrasae. 33 In an attempt to prove that crevicular epithel-
ium was permeable and to compare this permeability to 
that of .other epithelia of the body mucous membranes, the 
inveatigators endeavored to recover intravenously 
injected sodium fluorescein from various sites in dogs. 
They demonatrated that ninety per cent of the clinically 
healthy sulci examined ahowed fluoresence on t~e tips of 
filter paper strips inserted in the crevices. This test 
indicated a pasaage of fluorescein from the blood stream 
into the crevice and landed· credence to the idea that 
the gingival tissue fluid was derived from blood. No 
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other site, save the epithelilDll covering erupting teeth, 
illU11trate4 these same properties. The authors proposed 
three poasible pathways for the materials (1) a perme-
able crevicular epithelium, (2) the epithelial attach-
ment, and (3) lesion• in the crevicular epithelium • 
Since they observed a fluoresence of the tissues them-
selves, it was postulated that the mechanism involved an 
increase in capillary permeability allowing the fluores-
cein particles to paas out of the blood stream and into 
the sulcua via one or all of the above pathways. 
Speculations on the ramifications of the fluid as to its 
cle .. ing or flushing affect, it defenaive role as a 
vehicle for antibodiea, its ability to carry medication 
into the pocket, and its possible interrelationship with 
the production of calculus were mentioned by the authors. 
It should be noted here that in all experiments conducted 
by Brill and his colleagues, fluid was recovered by means 
of the filter paper strip method. 
The success of Brill's experiment in animals led 
to a study31 which was enacted to display the passage of 
sodilDll fluoreacein in humans. In ninety- six per cent of 
the crevices examined, fluorescence could be demonstrated • 
Thus arose the question of whether this fluid was caused 
by inflammation and was thus pathologic, or wa• a natural 
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phenomenon of non-keratinized, possibly permeable, epi-
thelial membrane and waa hence physiologic. Tears, 
. 
nasal aecretion, renal filtration, gastric secretions, 
26 
the aqueous humor of the eye, and the cerebro-spinal 
fluid were presented as ex11111ples to illustrate that 
aecretiona penetrated other specialized non-keratinized 
epithelial membranes and that passage increaaed in the 
preaence of inflammation or irritations. 
Since Brill held that the fluid flow was the 
result of an increase in the capillary permeability of 
the gingival vessels, the next logical investigation was 
the demonatration of this hypothesis. Bvan's blue, a 
substance not normally passed through capillary walls, 
was injected into dogs with clinically healthy gingivae. 26 
In various experiments inflammation was produced by 
surgery .or diet. In addi-
tion intravenously injected histamine and mechanical 
stimulation were utilized in animals with healthy sulci 
to demonatrate their effect on the pocket fluid. It was 
found that the Bvan'• dye could be recovered from resting 
aa well as from stimulated capillaries: however, the 
various stimuli caused an increase in dye over the normal, 
or resting, situation. Surgical and mechanical stimu-
lation produced the largest increase in the amount of dye, 
·. . 
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while chronic infl.allunation from the diet change produced 
only a alight increase. A large increaae was produced 
with a minimal dosage of hiatamine, while smaller 
increaaea were produced with larger do•••. All of these 
reaction• were thought to be an effect of an increaae in 
capillary permeability. It waa al•o believed that th• 
Bvan's blue dye bound itself to amino acids present in the 
gingival fluid and waa thua allowed to be carried through 
the permeable capillary walls. Since the fluid contained 
proteins, th• authors speculated that it lllight alao con-
tain antibodies. Purther, these antibodies might become 
more abundant when the pocket fluid flow was increased by 
mechanical stimulation. 
Therefore, Brill and 1Crasse34 next undertook a 
study to compare the effectiveness of various types of 
mechanical stimuli. Dogs with a few areas of inflam-
mation were placed on a hard diet. The soft tissues were 
stimulated by mastication, mechanical stimulation, and 
gingival massage by the Stillman method, and Charters 
method, and a modified method. The effect was measured 
by the amount of fluoreacein deposited on filter paper 
strips. :It was noted that both chewing and mechanical 
stimulation increased the flow of fluid. Of the various 
toothbrush methods, Stillman's appeared to be most 
, 
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effective. In all cases, the flow returned to normal 
within ten minutes. The authors felt that this increase 
in fluid flow from mechanical sti~lation might result 
from either an increase in capillary permeability or 
from a change in the connective tissue ground substance, 
considered to be gel-like and unatable. Upon stimulation, 
edema might cause the gel to change to a sol by liqui-
faction. 'l'his sol would have a highly increased perme-
ability and would thus become a conduc.tor. It was hypo-
thesized that the system would revert back to a gel when 
the stimulus was removed. The passage of fluid might 
also be due to changes in the epithelium. The authors 
suspected that the escape of fluid might be related to 
all three factors--increaaed capillary permeability, 
changes in the connective tissue, and changes in the 
epithelium. Their conclusion suggested that the ration-
ale for massage might well be that of increasing fluid 
flow and thereby stimulating a flushing mechanism 
within the sulcus. 
Brill27 then attempted to substantiate in humans 
that mastication increased fluid flow. Most subjects had 
healthy gingivae, with the exception of a few inatances 
of marginal gingivitis. 'l'he filter paper strips were 
tested with ninhydrin, specific for amino acids. Samples 
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were collected prior to and after chewing. The results 
illustrated that mastication did indeed enhance fluid 
flow. Moreover, a heavy staining with the ninhydrin 
reagent led Brill to believe that the fluid contained 
many amino acids and to speculate that these amino acids 
might be associated with antimicrobial agents. 
The elimination of submicroscopic particles from 
the sulcus had been demonstrated by Waerhaug in 1952. 124 
Seven years later, Brill28 used charcoal to show that 
microscopic particles (two to ten micra in diameter) 
could also be carried out by the fluid. The pieces of 
charcoal were introduced into the healthy sulci of dogs 
and retrieved on filter paper strips as they were 
eliminated. Brill also placed Serratia marcescensinto 
crevices in a similar manner. Some of the crevices were 
stimulated prior to bacterial induction. At various 
intervals, cultures were taken and counted. As time 
passed, a decrease in the numbers of bacterial co1onies 
was observed in both· stimulated and nonstimulated pockets. 
These observations were interpreted as proof -that the 
• fluid washed particulate matter and bacteria out of the 
crevices. Since stimulation caused the removal of 
particles and bacteria by increasing fluid flow, brushing 
was thought to do the same. The author concluded that 
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the flushing action of the fluid was just as important 
in the elimination of bacteria as was its antibacterial 
action • 
30 
'l'he first study of the composition of human 
gingival fluid was an immuno-electrophoretic analysis by 
Brill and Bronnestam. 32 They discovered seven different 
proteins corresponding to those of human serum, includ-
ing alpha one, alpha two, beta and gamma globulins. 
Convinced that their findings supported the concept that 
the crevicular fluid was indeed a tissue fluid, the 
authors felt that the heavy precipitation lines of gamma 
and beta globulin disclosed the presence of a large 
amount of them in the fluid. 'l'his realization suggested 
the poasibility of antibodies also being present. The 
fact that alpha two could be demonstrated, led to the 
conclusion that higher molecular weight components 
could pass into the crevice. 
Bri1129 continued his series of experiments with 
an assessment of the effect of dietary factors on the 
gingival tissue fluid in dogs. Two dogs were studied, 
one placed on a soft diet and the other on a hard diet • 
Larger amounts of fluid flow were observed in associ-
ation with the soft diet. After the tissues of each were 
examined histologically, there appeared to be a 
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correlation of histologic and clinical findings with the 
relative amounts of fluid. Brill felt that this evi-
dence demonstrated that the soft diet caused an increase 
in inflammation: the inflammation resulted in an increase 
in gingival fluid flow. Consequently, he was of the 
opinion that the hard diet acted as a protective measure 
against marginal gingivitis. Hence, it seemed likely 
that the fluid could not be protective in all cases. 
The investigator further suggested the presence of 
different bacterial floras in dogs in relation to the 
different types of diets. Brill concluded that gingival 
disease might be due to any of the above factors and pro-
posed that a practitioner might uae the amount of fluid 
flow as a diagnostic tool to indicate the severity of 
disease or the effectiveness of therapy. 
Sharry and Xrasse111 made the first observation 
of the cellular contents of the crevicular fluid in an 
attempt to discover the site of origin of salivary 
leukocytes. Using both young people with clinically 
healthy gingivae and others who were edentulous, they 
found that forty-seven per cent of the cells in the 
sulcus were leukocytes as compared with one and six-tenths 
per cent in other parts of the oral cavity. The majority 
of these white blood cells were non-vital polymorphonuclear 
. 
.. . 
. . 
leukocytes. The authors concluded that the gingival 
sulcus was the primary source of salivary leukocytes 
and these were carried out by the gingival fluid. 
32 
The crevicular fluid of eleven female subjects 
was studied for its content of fibrinolytic factors by 
Gustafsson and Bilsson. 58 The fluid was found to con-
tain plasmin, plasminogen activator, plasminogen, and 
proactivator, the only one of these factors to be seen in 
saliva. In explaining the significance of an active 
fibrinolytic system in the crevicular fluid in the 
etiology of periodontal disease, the authors noted that 
the major part of the water-soluble extracts of connec-
tive tiasue consisted of plasma proteins. The fibrinoly-
tic factors of the crevicular fluid might counteract the 
deposition of fibrin and other proteins at the junction 
between the gingival epithelium and the tooth. 
In an attempt to determine whether fluid could 
pass through intact epithelium, Bri1130 studied two 
periodontally healthy dogs. Histologic examination 
revealed no ulcerations in the crevicular epithe.lium. 
The presence of gingival fluid was established by sodium 
fluorescein. He concluded that fluid could exude through 
a continuous layer of crevicular epithelium. 
Loe70 sealed the crevices of three dogs with 
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colophony in order to facilitate a histologic study of 
the components of the gingival fluid. He demonstrated 
the consistent presence of neutrophils within the 
normal epithelial attachment. Presumably, these cells 
were migrating towards the surface. Their frequency of 
occurrence increased the longer the crevices were sealed. 
Desquamated epithelial cells and an amorphous substance 
conaidered to be a remnant of the gingival fluid were 
also observed. The preaence of mitotic figures and 
desquamated epithelial cells along the length of the 
crevicular epithelium supported the view that the epithel-
ial attachment was being constantly renewed. The author 
felt that the presence of leukocytes in the "cuff" and in 
the sulcus was an indication that they migrated through 
the epithelial lining under physiologic conditions. He 
concluded that the epithelial attachment acted as a 
mechanical barrier to bacterial ingress. In addition, 
the epithelium permitted the passage of antibodies and 
leukocytes into the sulcus. Further, since this action 
occurred along the entire epithelial lining, the fluid 
might also pass through its entire length. 
To this point, almost all investigators had voiced 
the idea that the gingival fluid contained some anti-
microbial properties which acted to retard the progress 
34 
of gingival inflammatory disease. In 1961, Collins and 
Gavin39 studied the possible humoral defense factors in 
the human gingival crevice. They collected gingival 
fluid on filter paper strips and then placed the strips 
into cultures of various oral bacteria. Surprisingly, 
bacterial growth was stimulated rather than inhibited in 
areas where the fluid was present. Thus Collins and 
Gavin concluded that the crevicular fluid had no 
bacteriostatic or bacteriocidal properties. In addition, 
the fact that plates containing fluid, but not inoculated 
with test organisms, showed bacterial growth led the 
authors to the conclusion that the normal crevice was not 
sterile. 
The removal of submicroacopic and microscopic 
particles by the gingival fluid was demonstrated 
respectively by Waerhaug124 and Brill. 28 In 1962, Harvey62 
undertook a project to determine whether the fluid flow 
was as effective in the removal of macroscopic particles 
(silver alloy powder). The alloy was placed in normal 
sulci of dogs and humans. Bistologic sections were 
obtained and showed that in dogs the particles were 
eliminated in forty-eight hours. In humans inflananation 
occurred when the alloy was placed in the crevice and 
subsided when the particles were eliminated. The author 
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discounted the action of brushing, chewing, or tongue 
massage and concluded that the particles were flushed 
out by a physiologic flow of crevicular fluid. 
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In an attempt to establish whether the fluid was 
an exudate or a simple product of filtration, :Krasse and 
Bgelberg66 studied its relative proportions of sodium, 
potassium, and calcium. They examined humans with both 
clinically normal gingivae as well as some with chronic 
inflammation. 'l'he fluid was then studied by flame 
photometry. 'l'he gingival pocket fluid from inflamed 
pockets demonstrated a sodium-potassium ratio of more 
than twice that from healthy sulci. However, this figure 
was lower than that of extracellular fluid. The authors 
felt that an error in technique was not probable and con-
cluded that the fluid was an exudate rather than a simple 
tissue transudate .because of the increased potassium from 
inflamed: pockets. 'l'hey were of the opinion that the 
presence of inflammatory cells in the fluid supported 
their findings. 
Browne35 investigated rabbits to determine the 
pathways and mechanisms of the fluid transfer. By using 
various radioactive and fluorescent tracers, he deter-
mined that certain substances passed from t!he vascular 
system, through the connective tissue, and into the 
.. ' . 
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gingiv•l aulcus more readily than others. Be ascertained 
that labeled sodium iodide and sodium chloride we~e 
rarely recovered, while labeled di-iodo-fluorescein and 
serum albumin were readily reclaimed. 
Mann and Stoffer78180 further studied the compo-
sition of the gingival fluid by means of paper-electro-
phoresis and micro-double-diffusion. 'l'hey reaffirmed the 
presence of albumin, alpha one, alpha two, beta, and gamma 
globulins. 'l'he electrophoretic patterns indicated that 
there were relatively the same amounts of gamma globulin 
in the fluid and serum of the same patient. This was in 
direct contrast with the results of Brill and 
Bronnestam. 32 In addition to the other evidence mentioned, 
the demonstration of fibrinogen led to the opinion that the 
fluid was an inflammatory exudate. 
Mann79 also correlated depth, degree of inflam-
mation, and amount of exudate of gingival crevices in 
humans. Having indicated the existence of a proportional 
relationship between an increase in inflammation, pocket 
depth, and amount of fluid flow, Mann expressed the view 
that the fluid emanated from the lateral wall of the 
crevice rather than from the. "epithelial cuff." Be con-
sid,red the antimicrobial contents and· the fibrinolytic 
system of the fluid to be an essential part of any 
37 
inflammatory reaction. The results of this study and the 
findings of Krasse and Bgelberg66 (increased potassium in 
• fluid from ·infiamed·. crevice's) strengthened Mann• s belief 
that the fluid was an inflammatory exudate. 
Salkind, et 11., 101 determined that ingested 
sodium fluorescein could not be recovered from whole 
saliva or at the orifices of the salivary ducts of humans. 
However, fluorescence was demonstrated in calculus and 
plaque material collected on celluloid strips .ill yiyo. 
Thus, the authors theorized that the gingival fluid was 
incorporated into subgingival accretions. 
In 1963, the cellular components of the fluid 
were again ,examined. Bgelberg45 studied smears of tissue 
fluid from the normal sulci and 'inflmned pockets of 
humans. He observed epithelial cells, polymorpho-
nuclear leukocytes, lymphocytes, and bacteria in all 
cases. The chronically inf lamed pockets showed many 
more bacteria and disintegrated leuko9ytes than did the 
normal ones. He also concluded that the fluid was an 
inflammatory exudate. 
In another report, Egelberg44 disputed waerhaug•s 
theory126 that substances cannot penetrate into the 
gingival crevice, because of the outflow of the fluid. 
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Be demonstrated that topically applied histamine 
increased the flow of fluid in humans. Xn an attempt to 
exhibit its site of action, he injected Xndia ink into 
dogs, applied histamine topically, and examined the 
crevices hiatologically. It was observed that the India 
ink particles appeared in the capillaries aubadjacent to 
the crevicular epithelium. Since he was aware of the 
tendency of carbon to adhere to the endothelium of capil-
laries with an increased permeability, Bgelberg deduced 
that either waerhaug was wrong or their differences 
resulted from a variance in particle size. 
71 In a review of sulcus physiology, Loe also 
diacussed the gingiva·l tissue fluid. Be proposed that 
the fluid could not be a secretion since no glands were 
present in this area. Be suggested that the fluid passed 
through the crevicular epithelium as a result of its 
higher pressure as compared to that of the atmosphere. 
· 'l'he lack of keratinization facilitated such a process. 
Some of the most recent observation• were based 
on further studies in rabbits by Browne. 36 Be observed 
that the fluid could emanate from the area between the 
"epithelial cuff" and the tooth, the odontogenicaliy 
derived cells of the "epithelial cuff," or the defect at 
the by-pass of sulcua formation. Be used radioactive 
' 
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tracers in an attempt to follow the specific pathway 
of the fluid. In the rabbit the amount of fluid passing 
into the normal healthy sulcus was minimal and, there-
fore, he concluded that the fluid was not an inflanunatory 
exudate. In addition, no fluid could be ~etrieved on the 
lingual of the rabbit's incisor while it was recovered on 
the labial. Since there was no enamel on the lingual of 
the rabbit's incisor, Browne speculated that this lack of 
fluid might be associated with the absence of an epithel-
ium to enamel relationship. 
Brandtzaeg and .Mann25· recently examined the gingi-
val pocket fluid for the activity of lysozyme, a mucoly-
tic enzyme functioning to catabolize the aminopoly-
saccharides of the bacterial cell walls. The studies 
were performed on subjects with both healthy and 
inflamed gingivae. There was a higher lysozyme activity 
in association with an increase in the severity of 
inflammation. The activity of this enzyme in periodonti-
tis was fifty per cent higher than in gingivitis. The 
authors postulated that this study supported the concept 
of the crevicular fluid being an inflammatory exudate 
and that lysozyme might be derived from sulcular leu-
k!)Cytes, the numbers of which increased in inflammation. 
'l'he possibility was recognized that lysozyme might have a 
detrimental effect within the sulcus by producing 
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ulceration of the crevicular epithelium or by reducing 
cell stickiness and thereby jeopardizing the optimum 
contact between the epithelium and the tooth. On the 
other hand, it was proposed that lysozyme might reduce 
the number and virulence of crevicular bacteria and in 
this way might contribute to the insidious and chronic 
nature of periodontal disease . 
• 
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An extensive review of the literature on the 
crevicular fluid was published in 1964 by Weinstein and 
Mandel. 136 In their opinion the fluid was a specifically 
altered tranaudate arising from the serum and modified by 
the cells of the crevicular area. 'the authors propounded 
a return to the concept of salivary and serumnal calculus, 
the supragingival derived from the saliva and the sub-
gingival from the gingival tissue fluid. 
'l'here has been much discussion as to the nature 
and significance of the gingival fluid. Initially, the 
suggestion has been made that the fluid flow acts to 
remove bacteria and irritants of various .ai'zas from the 
sulcus • .More recently it has been hypothesized that the 
fluid could possess antimicrobial properties or could 
provide elements for ealculus formation. Studies have 
also been performed to elic1t the various components of 
the fluid and to illustrate that these are increased by 
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irritation, inflamma~ion, and mechanical stimulation, 
as well as the application of certain chemicals. 
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Still to be determined is the nature of the fluid--
physiologic or pathologic. Opinions are almost as varied 
as the number of articles written on the subject. The 
increase of certain substances in the fluid of subjects 
with gingival inflammation supports the view that the 
fluid is an inflammatory exudate. On the other hand, the 
existence of fluid in individuals with clinically healthy 
gingivae lends credence to the concept that the fluid is a 
serumnal transudate. A third and more recent view is that 
the gingival fluid is a specifically altered transudate. 
Another point of controversy exists concerning the 
pathway of the fluid flow into the sulcua. It has been 
suggested that it passes out of the capillaries as a 
result of an increase in capillary permeability. The 
passage of the fluid through the lamina pccpria may be 
aided by a change in the connectiye tissue. Finally, the 
fluid must penetrate the epithelium. Several theories 
have been offered to explain the mode of permeations 
emanation by way of micro-ulcerations, diffusion through 
the epithelial cells, passage between the epithelial 
cells, or via the by-pass of sulcus formation. It is 
quite possible that each of these factors plays an inte-
gral part in a complex mosaic pattern. 
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Microbiology of the Ginqiyal crevice 
The nature of the contents of the gingival sul-
cus is of extreme interest because of its implication in 
the early pathogenesis of periodontal disease. In the 
majority of cases, periodontal disease is intimately 
associated with inflammation, the response of the tissues 
to any kind of irritation. Agents which may provoke an 
inflammatory reaction in the gingival apparatus are 
numerous and complex, but there is considerable evidence 
to indicate that the oral microbiota constitute one impor-
tant irritant in gingivitis and periodontitis. 
It has been established that the organisms pre-
sent in gingival debris have pathogenic potentials this 
, point has been demonstrated by injecting debris sub-
cutaneously into experimental animals who then developed 
· 74 
abscesses. In addition, it is well established that a 
variety of oral bacteria, grown in pure as well as in 
mixed cultures, elaborate a numbex of tiaaue-destroying 
enzymesl,Sl,91,102,104,107 and endotoxins.84,98 
Because of the probable intimate association of 
the oral microbiota and the inflammatory periodontal dis-
eases, the question arose as to the presence or absence 
of a microbial flora within the confines of the 
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physiologic gingival aulcua. As early as 1925 Beckwith., 
13 Simonton., and Williama reported that bacterial forms 
could be demonstrated by hiatologic technique in the 
soft tissue wall of pockets in cases of human gingivi-
tis. Two years later Beckwith., Simonton., and Roae12 
added that from every case of human gingivitis examined., 
it was possible to demonstrate the presence of living 
bacteria within the gingival tissues contiguous with the 
pocket. 
In 1928 Burdon37 presented the results of a 
comparative study of the presence of Bacterinm malanino-
genicpm from normal and pathologic tissues. Although 
this organism was first isolated from the oral mucous 
membranes seven years earlier., this was the first time 
that it was cultured from material obtained from the gin-
gival margin. On the basis of cultures of two hundred 
individuals., Burdon concluded that 11sterium melanino-
aenigum was found in all mouths and was localized 
chiefly at the dento-gingival margin. 'then too., the 
numbers of this organism were found to be directly 
related to the cleanliness of the gingivae and the teeth. 
Cultures from persons with gingivae and teeth in excel-
lent condition consistently showed very few of the 
pigment-produc,ing bacteria., whereas cultures from indi-
viduals with comparatively poor dental conditions always 
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revealed a very large number. Interestingly, it was 
noted that the pigmented growth decreased as the tissues 
healed during and after therapy. 
Until 1942 almost all investigators of the 
bacterial flora of normal and periodontally-involved 
mouths used only aerobic techniques1 however, in that 
63 year, Bemmens and Harrison reported on studies of the 
anaerobic flora of the diseased and normal gingival 
crevice. Specimens were taken with sterile scalers. 
The samples were streaked onto ten per cent sheep blood 
agar plates and incubated anaerobically for four to 
seven days at 37 c. Their studies showed that the flora 
of "pus" from periodontal pockets differed quantitatively 
from that of the normal gingival crevice, but no quali-
tative difference was found. There was an increased 
incidence of fusiform bacilli, spirochetes, and 
Bacteroides melaninogenicum in material from perio-
dontally-involved gingivae as compared with material 
from normal mouths. Significantly, Bacteroides melanino-
qenicum was found in only one culture of a series of 
twenty-seven normal crevices, whereas it was isolated in 
thirteen out of forty-six cases of diseased pockets. 
A significant landmark in the study of the flora 
of the gingival crevice was Waerhaug and Steen's 
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publication117, 134 of a series of studies on the pre-
aence or absence of bacteria in gingival sulci. This 
was the first time that conaiderable emphasis had 
been placed on the problem of contamination. They 
developed a specific technique for obtaining sulcular 
specimens in an attempt to overcome the possibility of 
introduction of organisms from the gingival margin. 
'l'his technique was based on the sterilization of the 
dento-gingival margin area with a solution of equal 
parts of five per cent iodine and glycerine. Two 
samples, one to be grown anaerobically and one aerobi-
cally, were taken from each sulcus by the insertion of 
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a small steel blade. These samples were incubated on 
Difeo Bacto-Brain Heart Infusion with .25 per cent agar 
at 37 C for five days. After the initial specimens 
were obtained from five young dogs with clinically 
healthy gingivae, the sulci were filled with bacteria in 
pure culture, and additional samples were taken at vary-
ing periods of time. Before inoculation forty-three of 
forty-six sulci produced no growth, and within forty-
eight hours after inoculation all the aulci were again 
sterile. 'l'he flora of healthy sulci was also compared 
to that of pathologic pockets in hWllAns. Of forty-eight 
. 
sulci, only one showed growth as contrasted with twenty-
nine positive cultures out of thirty pathologic pockets. 
I II •,. 
• • 
On the basis of this study the authors concluded that 
sulci without calculus or deposits were generally 
sterile, while pockets where calculus or deposits were 
present were usually infected. Purthermore, if pure 
cultures of pathogenic bacteria were inserted into 
healthy bacteria-free pockets, there would be a re-
establishment of the bacteria-free condition within 
forty-eight hours. 
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A comparative study of different regions of the 
human gingiva and tooth surface was performed by Schultz-
Baudt, Bruce, and Bibby in 1954. 105 They investigated 
twenty-five individuals with non-specific gingivitis and 
ten patients with clinically normal gingivae. Samples 
taken and examined microscopically were cultured on 
rabbit blood agar, crystal violet potato agar, and brain-
heaxt infusion agar and were incubated aerobically and 
anaerobically at 37 C for one to four days. The study 
revealed a definite pattern of distribution of various 
bacterial types1 in non-specific gingivitis there was 
an increase in the total number of organisms in all 
areas and a relative increase in the percentages of 
spirochetes, fusiforms, vibrios, and Gram negative cocci. 
In the diseased gingival pocket, in addition to an 
apparent increase in the numbers of bacteria, there was 
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also a changed distribution of the types as well as a 
slight increase of Gram negative rods. 
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Scherp and Burnett103 suspected that the concen-
tration of microorganisms in such niduses as the gingi-
val sulcus and dental bacterial plaque were probably much 
greater than the total salivary microbial count. Further, 
they stateda 
The gross similarity of the microbial population of 
the gingival crevice in health and in disease has 
given riae to the opinion that any numerical increase 
of the crevicular bacteria that accompanies the de-
velopment of periodontal disease is merely the result 
of a ~avorable environment created by unrelated patho-
logical changes • 
Positive cultures were obtained from ninety-three 
per cent of the healthy gingival sulci sampled by Boyd 
and Rosenthal. 24 Material was obtained from adult pat-
ients who had completed periodontal therapy, from dental 
students, and from children under twelve years of age. 
Clinically healthy mouths were then selected. In order 
to diminish the possibility of contamination from~gingiva 
or tooth, the gingival margin was first blotted dry and 
then retracted with a blunted explorer. The samples 
were taken with another'blunted explorer which was used 
to scrape the base of the sulcus gently. The point was 
then introduced into brain-heart infusion broth and 
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Brewer's thioglycolate. After sevent~two hours the 
tubes were examined for growth. The authors believed 
that their findings differed from those of Waerhaug and 
Steen (1952) 134 because the iodine-glycerol solution 
sterilized the sulcus. 'l'o check the validity of this 
assumption sixteen aulci were examined after their 
margins had been previously sterilized. Sevent~five 
per cent were found to be sterile. After samples from 
these sixteen sulci had been obtained, a telltale blue 
iodine-starch reaction was produced by the introduction . 
of a supersaturated starch solution into the sulci. 
Th• authors concluded that the healthy gingival sulcus 
was not sterile. 
Zn 1959 Brill28 concluded that the flow of tissue 
fluid was able to remove particulate matter, including 
bacteria, · from gingival crevices. He introduced sus-
pended charcoal particles into thirt~four clinically 
healthy gingival sulci in two young dogs and found that 
in six to twenty minutes, some of the particles had 
settled on strips of filter paper bridging the entrances 
to the pockets. Similarly, bacteria (Serratia 
margascens) placed in ten gingival crevices were 
deposited on pieces of filter paper. These studies led 
Brill to the belief that the sulcus was ••intained free 
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of bacteria by the flushing action of the crevicular 
fluid flow. 
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Xrasse and Brill65 studied four dogs in an 
attempt to relate the consistency of the diet to the 
preaence of bacteria in gingival crevices. Samples were 
collected from the crevices by Waerhaug and Steen's 
method. 134 These specimens were cultured in test tubes 
containing brain heart infusion (Difeo) with .125 per 
cent agar and -incubated for seventy-two hours at 37 c. 
After a period of feeding the dogs on soft-sticky diet, 
seventy-three per cent of the sulci examined showed 
growth. T.he animals were then placed on a coarse diet 
for four weeks, after which time samples were again taken. 
This time, only thirty-three per cent were positive. 
After the dogs had been returned to the soft-sticky diet 
for another four week period, it was found that a large 
nuniber of the crevices had changed from negative to posi-
tive. The authors also noticed a distinct change in the 
quality of the flora when the consistency of the diet was 
altereda a typical mixed flora was found after the period 
of coarse diet, whereas after the soft diet the flora was 
dominated by fusiforms and spirochetes. 
Gavin and Collins50 introduced a new technique 
for sampling the crevicular flora. T.hey passed paper 
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points through nineteen guage hypodermic needles pre-
viously introduced into the sulci in an attempt to 
minimize contamination from the gingival marginal area. 
The paper points were then cultured at 37 C for aerobic 
organisms in Difeo dextrose broth, and for anaerobic 
organisms in Robertson' a meat broth. The authors used 
male dental students as the subjects of this study and 
considered no crevices if any signs of deposits on the 
teeth or inflammatory changes involving the gingiva 
50 
were clinically evident. Growth was obtained both 
aerobically and anaerobically from almost every crevice 
sampled1 however, only two poaitive cultures occurred out 
of a aeries of twenty-one pockets tested with the method 
of sterilization suggested by Waerhaug and Steen (1952) •134 
Although the authors recognized the possibility that the 
placing of the sterile tube into the sulcus could have 
introduced bacterial contaminants, they concluded that 
bacterial organisms existed within the majority of 
clinically healthy gingival crevices. 
Two more techniques for sampling periodon~al 
pockets were presented by Wilkinson. 139 One consisted of 
penetration into the periodontal pocket by puncturing 
. 
through the soft tissue wall near the base of the pocket, 
while the other was based on penetrating the mouth of 
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the pocket with an irrigating needle. Sterile distilled 
water (0.1 milliliter} was injected into these areas 
with a tuberculin syringe and needle, and was then aspi-
rated back. 'the inoculum was diluted to 11100,000, 
plated out on trypticaae soy agar with five per cent de-
fibrinated human blood, and incubated both aerobically 
and anaerobically. When the organisms from periodontally-
involved pockets were compared to those of healthy sulci, 
the populations were found to be similar except that the 
healthy areas yielded more anaerobes. Wilkinson felt 
that the tissue penetration technique of sampling was the 
method of choice becauae a known quantity of sample could 
be obtained with the least contamination. Contamination 
could not be ruled out when entrance was made through the 
mouth of the pocket. 
'!he bacterial state of different regions within 
the clinically healthy gingival crevice was investigated 
by Bgelberg and Cowley. 46 Individual samples from the 
mesial, distal, palatal, and buccal areas were obtained 
by the insertion of a steel blade after disinfection of 
the tooth and gingiva with an iodine-colophonium solution 
(Bervell, 1960). 14 Duplicate samples were taken in each 
area to allow aerobic (trypticase soy broth} and anaerobic 
(thioglycollate} culturing. Although bacteria were 
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present in all crevices studied, some differences were 
fowid when various areas were compared1 the bacteria 
occurred twice as frequently in the mesial, distal, and 
palatal regions as in the buccal area. It was suggested 
that these differences might be explained by the rela-
tiye ease of access to the various areas during tooth-
brushing. 
Socransky, et 11. 116 reported on an investigation 
of the total microscopic, total aerobic and anaerobic 
viable cowits, as well as counts of aerobic ·and facul-
tative streptococci, fusobacteria, spirochetes, and 
Bagtargidas melaninogenisn1 per gram weight of gingival 
debris from the crevices of normal and periodontally-
involved individuals, 'l'he samples were taken from two 
groups1 "normal adults," those having a full complement 
of teeth, ~o pockets greater than three millimeters, no 
more than three areas of clinical.~y evident inflammation, 
and no radiographic evident bone loss, and from "perio-
dontal adults," those having bone loss, five millimeter 
pockets., and inflammation. 'l'h• subjects were requested 
not to brush for twenty-four to forty-eight hours prior 
to sample taking., 115 at which time gingival debris from 
the crevice area was collected with sterile curettes 
from all teeth present in the oral cavity. 'l'he sample 
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was weighed and then diluted 11500 or 111000 with .067 M 
phosphate buffer. The specimens were then dispersed by 
sonic oscillation, and ten-fold dilution• were prepared • 
'l'he organisms were enumerated by wet mounts prepared for 
examination by dark£ ield. Also, total viable counts 
were performed aerobically and anaerobically on heart in-
fu•ion agar (Difeo) containing ten per cent horse blood. 
ltsteroides was enumerated on the same medium supple-
mented with o.s microgram per milliliter menadione. 
'l'hese colonies were identified by the black pigment 
formed after prolonged incubation. i'bat the total micro-
scopic counts approximated 1.7 x 1011 organisms per gr.am 
weight indicated that gingival debris was composed almost 
entirely of bacteria. The total streptococcus count re-
presented about thirty per cent of the total cultivable 
organisms, while Bacteroides appeared to represent about 
three per ~ent. Although the mean counts of total and 
facultative streptococci, Bactaroidas, and fusobacteria 
. 
were not significantly different when the normal and 
periodontally--involved groups were compared, there was a 
tremendous increase in the total number of bacteria 
present in diseased crevicular areas. The spirochetes 
were the only group of organisms enumerated which 
increased significantly in periodontal disease. 
The predominant cultivable organisms from the 
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crevice area of man were isolated and partially charac-
terized by Gibbons, et ai. 52 Pive normal and five 
periodontally-involved patients were selected according 
to the criteria of Socranaky, et 11. 116 Gingival debris 
waa also collected and cultured by the method of 
Socransky, et al. 116 Bvery colony waa subcultured to a 
freah plate in order to obtain pure cultui:tes. 'l'he 
colonial characteriatics of each isolate were delineated 
by use of a dissecting microscope while cell morphology 
waa determined from Granratained amears. Bach pure cul-
ture was tested for ability to grow under aerobic condi-
tions, for ability to produce catalase, and for ability 
to ferment glucose. Ro aignificant quantitative or 
qualitative differences were observed in the microbiota 
of normal and periodontally-involved individ1Wla7 however, 
the authors did find that the proportions of Bactexgjdes 
melanino.ge~icus were increased three-fold in the perio-
dontal group, but this difference was not statistically 
significant because of the small numbers of samples 
studied. 'l'he gingival crevice microbiota was found to 
be comprised in the following manners 28.8 per cent 
Gram positive facultative cocci, 20.2 per cent Gram posi-
tive anaerobic rods, 16.1 per cent Gram negative anaero-
bic rods, 15.3 per cent Gram positive facultative rods, 
10.7 per cent Gran, negative anaerobic cocci, 7.4 per cent 
Gram positive anaerobic cocci, 1.2 per cent Gram negative 
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facultative rods, and 0.4 per cent Gram negative facul-
tative cocci. 
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DeAraujo and Macdonald42 investigated the gingi-
val crevice microbiota of five pre-school children. 
These children were three to seven years of age, had 
deciduous dentition only, and had no caries or gingivi-
tis. The methods of sampling and culturing were the same 
as those of Gibbons, et al. 52 The proportions of the pre-
dominant cultivable groups did not appear to differ from 
the proportion• of those groups found in the gingival 
crevices of adults by Gibbons, at 111 52 however, the 
flora of these five children differed from that of adults 
in that Bactergi4e• •elaninggenicus was present in only 
four out of fifteen samples as compared to its presence 
in all adults (Burdon, 37 Socransky116). 
A study of one hundred sixty boys and one hundred 
seventy girls from five to fifteen years of age was per-
formed by Bailet, Baldwin, and Bunt7 in order to study 
the prevalence of gingival Bacteroides melaninoaenicus 
in varying ages of children. Scrapings from the. gingi-
val sulcus were obtained from the teeth at random. This 
debris was streaked onto plates containing a heart 
. 
infusion agar (Difeo) enriched with ten per cent horse 
blood and o.s microgram per milliliter of menadione. 
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'l'he plates were incubated anaerobically at 35 C for 
fourteen days in Brewer jars. Colonies of ~agter4ides 
melaninoganigµ• were identified on the basis of their 
black color, their presence was confirmed by Granr 
staining representative colonies. It was concluded that 
juat after birth the human oral flora is aerobic, and 
that moat anaerobes become established soon before and 
after e~tion of the deciduou• teeth1 however, Bagter94des 
melaningqanjgua was exceptional in that few pre-school 
children harbored it. 'l'he prevalence of this organism 
sharply increased in the period of mixed dentition and by 
adolescence waa almost universally present. 
Decastro and Going43 reported on a bacteriologic 
and histologic investigation of twenty-three young dogs 
and twenty-four young children aged three to six years. 
Sulci for study were selected from maxillary and mandibu-
lar areas while aulci over two millimeters in depth and 
infLamed areas were avoided. Specimens were obtained in 
twelve dogs and all children by first retracting the 
gingival wall with a sterile probe and then inserting a 
number two to four paper point. In three dogs the sulcus 
was exposed by retracting the gingivae with suction, in 
eight other dogs the gingivae ·were pierced by a twenty 
gauge needle. A paper point was then inserted through 
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the lµmen of the needle. In those cases where the 
sample was taken through the mouth of the sulcus an 
attempt to free the margin of organisms was made by one 
57 
of two techniques. In the first, the margin was brushed 
gently three or four times, then swabbed three or four 
times with swabs moistened in saline, and finally swab-
bed with two dry swabs. In the other technique, the 
margin was first swabbed with aqueous iodine, and after 
four minutes it was swabbed with sodium thiosulfate in 
o~der to inactivate the iodine. 'l'he margin was then 
dried with three cotton swabs. Por the needle technique, 
a large area of the gingiva was sterilized with seventy 
per cant alcohol or an iodine-glycerine solution. 
Biopsies were obtained inuuediately after securing the 
samples. In dogs the sulci ranged from 77.1 per cent to 
100 per cent positive depending on the technique used--
the average of all techniques being 87.8 per cent posi-
tive1 in children 95.7 per cent were positive. 'l'he 
authors noted that in no case where the gingiva was 
retracted with a probe could they be aure that the paper 
point was introduced without contacting the probe. 
Still another investigation of the bacterial flora 
of the normal gingival sulcus was performed by Crowley, 
Beppler, and Ramfjord. 41 '?he authors carried out this 
particular study in humans, and emphasized that the 
significance of bacteriologic studies in animals was 
often highly uncertain when related to humans. Samples 
were obtained from ten individuals with clinically 
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normal gingivae by a method very similar to that of 
Waerhaug and Steen. 134 The tooth and gingiva were 
sterilized with an iodine-glycerol solution three minutes 
prior to sampling. The sample was obtained by inserting 
a number two barbed broach to the bottom of the sulcus. 
The broach was dropped into a tube of brain heart infu-
sion medium (Difeo) to which twent,y-five per cent agar 
had been added. Two samples were obtained from each area, 
one for anaerobic and the other for aerobic growth. 
Samplea were also obtained from ten periodontal pockets 
by the same procedure • Growth occurred in nine out of 
ten caaes from the normal sulci and in ten out of ten 
cases from the periodontal pockets. The authors con-
cluded that the normal sulcus contained a variety of 
organisms and that the same genus of bacteria were found 
in normal sulci and in periodontal pockets. Then too, 
it was felt that the iodine-glycerol solution inter-
fered with growth in samples from the sulci. 
In a study of the bacteriology of physiologic 
gingival sulci, Berve1115 also used a technique based on 
the sterilization of the gingival margin. In an attempt 
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59 
to prevent leakage of the disinfectant into the sulcus, 
he compoaed an iodine varnish according to the following 
formulas 
Colophonium •••••••• 
Copal from Manilla •••• 
Btanol, 96" •••••••. 
25. 4" ) 
11. 3" ) 
63.3") 
Iodine crystals • • 
• • • • • • • • 
97.5 
grams 
2.5 
grams 
'l'he experiments were performed on dental nurses, seven-
teen to twenty years of age, with clinically healthy 
gingivae, crevicular depths of one to two millimeters, 
and without visible deposits on their teeth. The iodine 
varnish was applied to the area to be examined and 
allowed to dry in the air for two to three minutes until 
a membrane formed • '!he samples were then taken with a 
bacteriological loop, two millimeters in diameter and 
0.2 millimeter thick. The samples were cultured in 
~drosulphite medium at 37 C and read after one, two, 
three, four, and five days. Sixty healthy sulci were 
examined, and fifty--seven showed growth after one day. 
Of the three which were negative, two were re-examined 
and showed growth after one day1 the third "negative" 
sulcus was not re-examined. A series of experiments were 
performed on the iodine varnilU'l and on the iodine-
glycerine solution of Waerhaug and Steen134 in an attempt 
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to determine the ability to disinfect, the tendency for 
the iodine to diffuae, and the ability to penetrate 
fluid-filled capillary spaces. Although both solutions 
had equal abilities to disinfect, the iodine varnish 
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did not have a tende~cy to diffuse or penetrate ~apillary 
apace• whereas the iodine-glycerine did. It was then 
concluded that physiologic ,gingival sulci were always 
infected and that Waerhaug and Steen's opposite 
findings134 were due to the sterilization of the crevice 
by the iodine-glycerine solution. 
It is evident from the foregoing material that 
conaiderable work has been done on the microbiology of 
the physiologic gingival crevice. However, significant 
disagreement still exists as to whether the sulcus is or 
is not sterile, and if not, as to the nature of its 
flora. 'this confusion appears to stem from the diffi-
culty of sampling the gingival crevice without either 
contamination or substantial disruption of the normal 
physiologic state. 'l'h.erefore, it appears to be impor-
tant to develop a sampling method which will allow for 
as little contamination as possible, while, at the same 
time, minimizing any disruptive effects on the normal 
physiology of the area. 
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Nateriala and Methods 
Prom a group of young dental assistants well 
,, 
versed in oral hygiene, five have been selected because 
of the good health of their marginal gingivae. This 
state of health has been determined clinically on the 
basis of the following criteria• 
1. Colors The color of the gingiva is generally 
described as pale pink, and is produced by the 
vascular supply, the thickness and degree of 
keratinization of the epithelium, and, in some 
cases, the presence of pigment-containing cells. 
The shade of the normal pink varies in different 
persons and appears to be correlated with the 
cutaneous pigmentation. 
2. Coptoura The contour or shape of the gingiva 
varies considerably and depends upon the shape 
of the teeth and thei~ position in the arch, the 
location and size of the area of proximal con-
tact, and the dimensions of the facial and 
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lingual gingival embrasures. The normal 
marginal gingiva envelops the teeth in a 
collar-like fashion, tapers to a knife-like 
edge, and follows a .scalloped outline forming 
parabolically-shaped curves on the facial and 
lingual surfaces of the teeth. The tri-
angularly shaped interdental papillae fill 
the interproximal embrasures to the contact 
points. 
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3. '1'pp• ID4 Cgpai•tfnsya 'the gingiva is firm, re-
silient, and, with the exception of the moveable 
free margin, tightly bound to the underlying 
bone and teeth. The marginal gingiva is held 
firmly in close approximation to the tooth sur-
face and exhibits a low degree of retractability • 
4. §prface taxturea The gingiva presents a minutely 
lobulated surface like an orange peel and is ~e-
ferred to as being stippled. '!he pattern and 
extJlnt of stippling varies not only from person 
to person but in different areas of the same 
mouth. 
s. Positjona 'nle gingival margin is located on 
enamel just beneath the height of contour of the 
anatomic crown. Some believe56 that there is a 
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gradual exposure of the tooth which occurs 
throughout life, the gingival margin and epi-
thelial attachment migrate apically. However, 
for this apical shift to occur, there must be a 
breakdown of the gingival ·fibers subadjacent to 
the epithelial attachment. Any breakdown of the 
gingival fibers is considered pathologic, and 
thus alteration• in the position of the gingival 
margin are a feature of periodontal disease.100 
6. Sulgular depths '1'he depth of the gingival sulcus 
is not, in itself, an indicator of pathology, 
however, investigators have reported the average 
depth of the normal aulcus as 2 millimeters, 23 
1.5 millimeters, 138 and 0.69 millimeters. 49 
Therefore, subjects with sulcular depth of over 
2 millimeters are considered ineligible for this 
study. 
7. Absence of hemorrhage, suppuration, calculus, 
and plaque. 
A documentation of the application of these criteria to 
the subjects is presented in the Appendix (Figs. 14-18). 
The interdental areas between the maxillary 
central and lateral incisors on both right and left sides 
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of the arch were chosen for study. The area of the 
maxillary six anterior teeth was isolated with cotton 
rolls and allowed to dry for a period of three minutes. 
Extreme care was taken in no way to disturb the marginal 
area, and thus all forms of mechanical and chemical 
cleansing were specifically avoided. Specially fabri-
cated capillary micropipettes were designed to accommo-
date sterile number one endodontic paper points (Fig. 1). 
'l'hese tubes were tapered and beveled at the tip to be 
inserted into the sulcus. Prior to the taking of speci-
mens, the tubes and paper points were sterilized by auto-: 
claving at 121 C and fifteen pounds pressure for a period 
of thirty minutes. With sterile cotton pliers, a capil-
lary tube was gently rolled under the marginal gingiva, 
and a paper point was then introduced to the depth of 
the sulcus through the tube (Fig. 2). The paper point 
was allowed to remain in position for a period of thirty 
seconds, at which time it was carefully removed and 
placed into a chilled test tube containing either one 
milliliter of heart infusion broth or five to six milli-
liters of thioglycollate medium with resazurin indicator. 
After a specimen was taken from the sulcus, one 
was also obtained from the gin,gival margin in the same 
area by holding a number one endodontic paper point in 
contact with the marginal epithelium for a period of 
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thirty seconds (Pig. 3). 'flle specimen from the gingi-
val margin was always taken after that of the sulcus 
in order to negate the possibility of co~tamination. 
Also, a sample of saliva was taken by exposing a paper 
point to the pool of saliva in the floor of the mouth 
for thirty seconds (Pig. 4). 'flle above specimens were 
introduced into tubes of broth as previously described. 
All culture tubes were maintained in a chilled 
state until plating and/or incubation was initiated 
67 
(Pig. 5). 'flle heart infusion auspenaions were first 
mixed, and then 1110 dilutions were prepared by co~ining 
0.1 milliliter of the broth with 0.9 milliliter of 
sterile saline. One tenth milliliter aliquots of both 
the undiluted and the 1110 dilution of heart infusion 
broth were pipetted onto.. individual blood agar plates 
and spread with bent glass spreaders. 'l'he blood agar 
plates consisted of Brucella agar (Baltimore Bacteriolo-
gical Laboratories, Pig. 6) with five per cent defibri-
nated horse blood 1 henceforth thi• medium will be 
referred to as B.A.P. These plates were incubated 
aerobically at 37 C for forty-eight hours. 'l'he thio-
glycollate tubes were placed directly into an incubator 
. 
and allowed to remain for five days at 37 Cat which 
time they were streaked onto B.A.P. and incubated 
68 
Fig. 3.--A paper point sampling the margin. 
Fig. 4.--A paper point sampling the saliva. 
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Fig. 5.--Culture tubes in ice bath. 
A B 
Polypeptone 20.0 gr./liter Trypticase 15.0 gr./liter 
Dextrose 1.0 gro/liter Phytone s.o gr./liter 
Yeast Sodium 
Antolysate 2.0 gr./liter Chloride s.o gro/liter 
Sodium Agar 15 ,0 gr./liter 
Chloride s.o gr./liter 
Sodium 
Bisulfite 0.1 gr./liter 
Agar 15.0 gr./liter 
Fig. 6.--Formulae for: A - Brucella Agar (B.B.L.), and 
B - Trypticase Soy Agar (B.B.L.). 
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aerobically at 37 C for forty-eight hours. On three 
occasions, 0.05 to 0.1 milliliter of heart infusion 
broth suspension were inoculated into chopped meat 
tubes. These tubas were incubated anaerobically at 
37 C for eight days at which time they were streaked 
on to B.A.P. and incubated aerobically at 37 c for 
forty-eight hours. 
On four separate occasions, a comparison was 
made between the results obtained by the paper point--
capillary tube method and those of a scraping method 
similar to that of Socransky, et al. 115, 116 In each 
instance, specimens were taken by the paper point 
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method first, and two days later samples were obtained 
by scraping. The same five subjects were investigated. 
For the scraping session•, the subjects were requested 
not to brush for a period of twenty-four hours prior to 
sampling, and not to eat anything after dinner of the 
previous night. In order to prevent salivary contami-
nation, a saliva ejector was placed under the tongue 
and cotton rolls in all buccal and labial vestibules. 
A sterile number three Goldman-Fox curette was used to 
scrape the debris from the gingival crevice areas of the 
buccal surfaces of one side ·of the mouth (Figs. 7 and 8). 
Although an attempt was made to obtain a specimen from 
the crevices alone, it was impossible to prevent 
71 
Fig. 7.--A curette sampling the sulcus area. 
Fig. 8.--A curette with sample of gingival debris. 
significant contamination from the gingival margin. 
'fll.e specimens were placed in chilled tubes containing 
heart infusion broth. 
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'flle heart infusion auapenaiona of both the paper 
point and scraping techniques were plated in duplicate. 
In each case 0.1 milliliter of broth was spread on a 
regular B.A.P. Another 0.1 milliliter was spread on 
trypticase soy agar (Baltimore Bacteriological Laborator-
iesr Pig. 6) with ten per cent defibrinated horse blood 
and vitamin X added as o.s microgram per milliliter of 
Synkayvite (water aoluble vitamin X analog, Roche 
Laboratories), henceforth this culture medium will be 
referred to as T.s.x. Both the B.A.P. and T.s.x. plates 
were incubated anaerobically in glass jars, the tops of 
which were fitted with gas cocks. Pive grams of 
powdered chromium metal and o.s grams of sodium carbon-
ate were introduced into one hundred milliliters of 
fifteen per cent sulfuric acid already present in the 
bottom of the jars1 a reaction occurred resulting in the 
production of chromous sulfate and the liberation of 
hydrogen. The chromous sulfate which had been produced 
further reacted with the acid, absorbed oxygen, and pro-
duced chromic sulfate and water. The cock was left 
open .until the violent evolution of gas had subsided, 
at which time it was closed. Included in the jars was a 
. . 
; 
•. 
·~ '.. 
... 
•. 
. . . 
. 
. .. 
•. 
• 
-
, 
73 
tube of decolorized methylene blue solution which was 
used as an indicator of anaerobic conditions. The 
indicator solution, which waa boiled until it became 
decolorized prior to placing it in the ·' jars, consisted 
of equal parts of six per cent glucose solution, 
dilute sodium hydroxide, and dilute methylene blue. 
These jars and their contents were incubated for ten to 
fifteen days at 37 c. 
In order to compare the various culturing and 
sampling methods employed and to determine if the 
results were reproducible, an easily identifiable repre-
sentative colony was chosen as an indicator for each of 
the anaerobic and the aerobic methods. For anaerobic 
growth, a Bacteroides, presumably I, melaninogenicus, 
was chosen and identified macroscopically by the black, 
shiny, domed appearance of the colonies (Pigs. 9 and 10) 
and microscopically as a Gram negative rod. For 
aerobic growth, alpha streptococcus waa chosen and 
identified macroacopically by its appearance as a dis-
crete, small, white colony aurrounded by a zone of green 
discoloration (Piga. 11 and 12). (Although streptococci 
are catalase negative, moat strains are insensitive to 
oxygen.) It was further characterized microscopically 
as a Gram positive cocci occurring in chains. 
Weight determinations were performed on the same 
Fig. 9.--Plate with growth of the anaerobic indicator 
organism (B, melaninogenicus). 
Fig. 10.--Close-up of colonies of B, melaninogenicus. 
74 
Fig. 11.--Plate with growth of the aerobic indicator 
organism (alpha streptococcus). Note 
characteristic zone of green hemolysis. 
Fig. 12.--Close-up of colonies of alpha streptococcus. 
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subjects in order to verify the fact that a sample was 
obtained on each paper point and to determine the aver-
age size of the sample. 'l'he areas investigated were 
interdental crevices of the maxillary anterior region. 
They were sampled in the following orders right cuspid--
lateral incisor, left cuapid--lateral incisor, right 
lateral incisor--central incisor, left lateral incisor--
central incisor, central inciaor--central incisor. The 
area was isolated with cotton rolls and samples were 
taken with the uae of the capillary micropipettea and 
number one paper point• aa before. Bach paper point 
was weighe4 i1amediataly before and after sampling on a 
Mettler Analytical Balance, Jlodel 1h16 (Pig. 13) • 
77 
Fig. 13--Mettler Analytical Balance 
78 
llesults 
One hundred thirty-eight examinations were made 
by the paper point method of ten sulci in five patients. 
Prom these samples, one hundred ninety cultures were 
perfoxn•d aerobically, and one hundred thirty-nine 
(73.2 per cent) showed growth of the aerobic indicator 
organism (alpha streptococcus). 'l'heclet:.ails have· been 
delineated in Table I. 
Seventy-six anaerobic cultures were performed 
from the paper point sulcus specimens. Of these, five 
(6.6 per cent) showed growth of the anaerobic indicator 
organism (ppgtaroidaa rnelppipgs9pigµa). In addition, 
eighty specimens were obtained by the scraping method 
and cultured anaerobically. Porty-one (51.2 per cent) 
were positive for the anaerobic indicator organism. 
The results of the anaerobic cultures of specimens 
obtained by the paper point method have been compared 
to those of the scraping method in Table II. 
One hundred thirty-eight ex,uninations were per-
formed by the paper point method of the gingival margins 
of the five subjects. Prom these samples, one hundred 
ninety-four cultures were performed aerobically and one 
hundred seventy-six (95.7 per cent) demonstrated growth 
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TABLII J:I 
AIIABROBIC CUL'l'URIB or SUI.CUB 
.Method 
Paper Point 
B.A.P. 
Paper Point 
T.s.x. 
Scrapings 
B.A.P. 
Scraping• 
T.s.x. 
Total Bo. Bo. Poai-
Culturea tive Cultures* 
38 3 
38 2 
40 18 
40 23 
80 
Per Cent Posi-
tive Cultures* 
7.9 
5.3 
45.0 
57.S 
*Poaitive -- growth of indicator organism (BagtarpjAea 
mlapipogtpigua) 
B.A.P. -- Blood agar plate 
T.S.K. -- Trypticase soy agar with vitamin JC. 
of the aerobic indicator organism. In addition, seventy-
six cultures were performed anaerobically, and four (5.2 
per cent) were positive for the anaerobic indicatcr 
organism. The details have been given in Tables J:II and 
xv. 
Sixty-four specimens of saliva were taken for 
examination. Porty-nine cultures were performed aero-
bically, and growth of the ·aerobic indicator organism 
was observed in forty-four (89.8 per cent). Thirty-eight 
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TABLB .I.II 
AJIROBIC CUL'l'ORBS OP PAPBR PODr'l' SAJIPLBS OP MRGIB 
Total 
•o. Bumber 
Cul- Positive Cultures* 
tures P JI • Total 
Per Cent 
Positive Cultures* 
~ M B Total 
undi-
luted 
1110 Di-
lution 
110 45 25 33 
84 57 12 4 
103 40.9 22.7 30.0 
73 67.9 14.3 4.8 
*Positive -- growth of indicator organism (alpha 
streptococcus) 
P -- leas than 25 colonies 
M -- 25 to 250 colonies 
B -- 1110re than 250 colonies 
'l'ABLB rv 
Al1ABROBIC CUL'l'ORBS CJ/I SAJIPLBS OP MARGIR 
'l'otal •o. •o. Positive Per Cent 
93.6 
86.9 
Method Cultures Cultures* Positive Cultures* 
Paper Point 
B.A.P. 
38 1 2.6 
Paper Point 
'l'.S.lt. 
38 3 7.9 
*Positive -- growth of indicator organism CBacteroides 
zri1otnoq•nis»1> · 
B.A.P. -- blood agar plate 
'l'.s.x. -- trypticaae soy agar with vitunin X 
. . 
.. 
' 
, 
·. 
. . 
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cultures were performed anaerobically, and two (5.3 per 
cent) showed growth of the anaerobic indicator organism. 
The details have been presented in Tables V and VI. 
'lABLB V 
ABRCIIIC CULTURBS OP SALIVA SANPI:BS 
Total 
•o. 
Cul~ 
•umber 
Positive Cultures* 
P K • 'l'otal 
Per Cent 
Positive Cultures* 
tures r x • Total 
Undi-
luted 49 18 18 8 44 36.7 36.7 16.3 
*Positive -- growth of indicator organism (alpha 
streptococcus) 
P -- less than 25 colonies 
M -- 25 to 250 colonies 
R -- more than 250 colonies 
TABLE VI 
AllADOBIC CUL'l'URBS OP SALIVA SAMPLE 
Total Bo. Bo. Positive Per Cent 
89.8 
.Nathod Cultures Cultures* Positive Cultures* 
Paper Point 
B.A.P. 
Paper Point 
T.S.JC. 
19 
19 
1 5.2 
1 5.2 
*Positive -- growth of indicator organism (Bactertfnes 
m,laninoqenigus) 
B.A.P. -- blood agar plate 
T.S.K. -- trypticase soy agar with vitamin K 
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The experimental data has been detailed for each 
subject and presented in the Appendix., Tables XI through 
xx. 
In addition to the results presented above., one 
hundred specimen• were cultured in thioqlycollate medium., 
and fifty-five specimens were cultured in chopped meat 
broth. The results of these -thods provided no addi-
tional information, therefore., they were discontinued. 
Weight determination• were performed on one 
hundred twenty-five specimens which were obtained from 
five subjects by the paper point method. Statistically 
significant mean values for each subject were obtained 
and can be found on Table VII. In addition., the complete 
experimental data on the weight determinations has been 
presented in the Appendix., '!'able XXI. 
'l'ABLB VII 
WUGBT DB'l'JIIUIIBA TIOJIS 
(Based on 25 samples per subject) 
Mean S.D. 
Subject Bo. 1 .086 .021 
Subject •o. 2 .115 .019 
Subject Bo. 3 .087 .024 
Subject Bo. 4 .082 .017 
Subject Ro. s .090 .024 
S.D. -- standard deviation 
S.B. -- standard error 
S.B. 
.0042 
.0038 
.0048 
.0034 
.0048 
.... .. 
·. 
J 
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Pi•su11ign 
'l'he "normal" flora of the physiologic gingival 
crevice has received comparatively little attention in 
the past, and only within recent years has any serious 
attempt been made to study it in detail. Before per-
forming an analysis of the microflora of thi• area, one 
muat understand that the term "normal" flora may be mis-
leading. It is possible to give a description of the 
oral flora wh~ch will apply to the great majority of 
adult persona living under particular environmental con-
ditions, but thi• description may apply only in part to 
persons of another community who consume a different 
diet and maintain a different standard of hygiene. 
With an understanding of the term "normality," 
one's conception of the normal flora then depends very 
largely on the sampling technique employed. Thia is 
especially true when 8111&11 areaa, such as the physio-
logic gingival crevice, are to be investigated. The 
ideal method for obtaining a specimen must avoid con-
tamination and at the 8111118 time muat cauae minimal or 
no diaruption to the normal physiologic state of the 
area. 
The problems of sampling the healthy gingival 
85 
. : crevice are particularly complex becau•• of the extremely 
. . . . . . . . ... 
numerous microbial residents existing in close proximity 
~ . . 
. . to the mouth of the crevice. In addition, the actual 
·. . 
.. • 
. 
morphology of the physiologic crevice is a , source of 
frustration in that it is a capillary space of minimal 
, , dimensions. Por this reason, mere entrance into the sul-
t. ' - ... . 
, 
• cus must be associated with tissue distortion. Many .. . 
., methods have been employed in such investigations1 those 
. 
. . . 
. . J which follow can be classified according to the mode of 
. .. • .. . .. entrance into. the sulcus • 
' 
1. IPt;anse yia puncture of th• ginqiyal-wa111 
. 
. 
fllese techniques have the advantage of avoiding entry of 
the sulcus at the gingival margin and thus appear to pre-
• .. , 
vent marginal contamination. Although this may be true 
. . of the method of DeCastro and Going43 (the insertion of . 
, . ; an endodontic paper point through the lumen of a twenty 
. . 
likely that Wilkinson's technique139 . , gauge needle) , it is 
• 
. 
; (the injection and subsequent aspiration of 0.1 milli-. 
. , 
. liter of saline), in application to the shallow sulcus, l .... 
• . 
. 
contamination as a result of . . - may produce sulcular 
., • .. the margin by the saline. Another objection . . ., .. contact of 
. 
of these techniques is that one cannot be . .. in the use 
. 
sure that the needle has penetrated into the sulcus • . , .. , 
In some cases it is possible that the area actually 
. 
, 
. 
·. 
, 
. 
. . .. .. . . . "'. . ... . . . . . . . . - . 
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investigated lie• apical to the epithelial attachment. 
'l'he major objection to this category of techniques is 
the flagrant disruption of the physiology of the area1 
therefore, this category must be discarded because the 
condition• under which the samples are taken have no 
counterpart in normal physiology • 
2. 1Ptr1ose t;hroueb the 1u1cu11r orifice after 
1t1rilizatiop1 'ffli• group of techniques involves an 
attempt to free the gingival margin of organisms by 
either chemical or mechanical means in the hope of pre-
venting contamination. In the earliest published work 
in this category, waerhaug and Steen134 sterilize the 
gingival margin with a solution of equal parts of five 
per cent iodine and glycerol and conclude that the 
sulcus is sterile. Thi• finding has been disputed by 
other investigarors15, 24, 41, 50 because the disinfectant 
cannot be fixed to those areas which one wants to 
sterilize. 'l'hus there is a possibility of leakage into 
the sulci. In duplicating this method, Boyd and 
Rosenthal24 have introduced a supersaturated starch 
solution into th• crevice after sterilization of the 
margin. A telltale blue iodine-starch reaction is seen 
under a magnifying lena. Although they have obtained 
growth with a technique similar to that of waerhaug and 
Steen, 134 Crowley, Beppler, and Ramfjord41 note that the 
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iodine-glycerol solution "interfered with bacterial 
growth in samples from the gingival sulcus." Berve1115 
has developed an iodine varnish for the sterilization 
of the gingival margin. Because the varnish forms a 
membrane in three minutes., he believes that the disin-
fectant does not penetrate the sulcus. Thi• is a point 
of dispute because leakage may occur during the three 
minute period prior to formation of the membrane. Also, 
upon penetration of the membrane in sampling., iodine may 
be carried into the sulcus or even to the culture medium. 
In almost all other investigations24., 43, 5o.,l39 
some form of mechanical cleansing or wiping has been per-
formed prior to sampling. '!his manipulation of the 
margin is likely to alter the normal state of the sulcus 
by forcing bacteria in or out., by increasing crevicular 
fluid flow., or possibly by introducing anti-bacterial 
factors normally present in the saliva. Thus it is 
clear that there are serious objections to this category 
of sampling techniques. 'l'he results which have been 
obtained cannot be interpreted as being representative 
of the physiologic state of the sulcus. 
3. IDttance throusb tbe su1cu1ar orifice with-
out prior steri1ization1 Unlike those of the other two 
_categories., these techniques are more acceptable in 
• 
·. . • . 
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that they cause no major violations of the ecology of 
the sulcus. Admittedly, some degree of marginal con-
tamination is inherent with thi• particular category7 
however, adequate precautions can keep this contami-
nation to a minimal degree, preferable to the massive 
insults of the other methods. 
Prior to the onset of this project, only one 
technique of this type has been presenteda the scrap-
ing method of Socransky, et 11 .11s,116 Thia procedure 
consists of the removal of debris from the gingival 
crevice area with a sterile scaler. Interestingly, the 
subjects are requested not to brush for twenty-four to 
forty-eight hours prior to sampling. Unfortunately, a 
number of objections can be raised. Firstly, the 
criteria of "normal" do not conform with those of 
eminent authorities in the field. 53, 93 :ror this tech-
nique "normals" are considered to be "individuals of 
either sex having a full complement of teeth, no pockets 
greater than 3 mm, no more than three 3 mm pockets or 
three areas of clinically evident inflammation, and no 
radiographically evident bone loss. .. 116 
The second objection is related to the nature 
and use of the sampling inatrument. Debris "from and 
around" the gingival crevice area of all teeth present 
·. 
) 
• 
·• 
'· 
l • 
. . . 
. ~ 
. ' 
. 
. 
.. 
• 
·. . 
.,, 
' 
. . 
' 
in the oral cavity is collected with sterile scalers. 
An inatrmnent as large aa a scaler will necessarily 
cause a great deal of tiaaue distortion, in addition, 
the uae of th• scaler in a scraping motion will cause 
material to be picked up from the gingival margin. 
89 
Pinally, by having the subjects refrain from 
brushing, an atypical condition is created which per-
mits the accmnulation of material not normally present 
in subjects whose gingivae are maintained in health by 
proper oral hygiene. rurthermore, the accmnulation of 
this material on the margin greatly increases the amount 
of contamination. 
'l'he aethod of con•ideration in this study seeks 
to overcome the difficulties of the above techniques. 
'l'he project ia confined to humans since the significance 
of bacteriologic studies on animals often is highly un-
certain in relation to human conditions. Considerable 
emphaais is placed on a strict adherence to the gener-
ally accepted criteria of "norma1; • defined in the 
section on materials and methods. This consideration is 
one of prime importance because the possibility exists 
that a significant change in the microbiota may occur 
with even a slight divergence from the normal. Sur-
prisingly., in most other studies the standards of normal 
are either inaccurate., inadequate., or entirely absent. 
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•. 
· .
. . . 
.. . . , .. In an attempt to minimize any form of disruption 
. .. .. ., 
' 
. 
, ... to the physiologic equilibrium of the sulcus, any 
. 
, 
. .. 
I . . 
. 
-
. .. 
' 
, endeavor, whether it be mechanical or chemical, to free 
. 
.. the gingival margin of organiams is specifically avoided • 
. 
. . . . 
' In addition, the mouth of the sulcus is considered to be 
the only acceptable portal of entry. These decisions to 
, 
~ 
• 
•. shun the use of an antiseptic and to enter through the 
... 
. 
'· 
.. 
. 
mouth of the sulcus give prominence to the problem of 
. . 
. . 
. marginal contamination. In an attempt to control this , 
• 
. . problem, a mechanical barrier has been devised in the 
' ~ 
.. 
·. form of a custom fabricated glass capillary tube. This 
. . . . 
specially designed tube is tapered to a minimal diameter 
and beveled at the tip, in order to cause t,Jie least dis-
ruption to the normal state of the sulcus. Even in the 
·. 
. . 
· .
. face of all the precautions which have been used to pre-
~ . 
. 
vent contamination, the possibility must still be con-
sidered since the tube muat touch both tooth and gingival 
> •• 
.. . 
. 
• . 
. 
. . margin upon inaertion • 
• 
~ . . 
.. . . · . . 
J 
. I ' Pinally, an endodontic paper point is used as a 
. 
~ 
... 
sampling device because it will pick up a larger, and 
·. therefore more representative, sample than a steel 
) ·. 
... 
. instrument • '!he number one size has been chosen to allow 
• 
it to pass through the lumen of a glass capillary tube 
... . 
... . 
. with· as small a diameter as possible. That this small 
. 
'· 
'· 
. • 
glass tube has caused no obvious violation to the sulcus 
. . .. 
- · > 
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. . ; . la indicated by the lack of blanching, h .. orrhage, or . . 
. discomfort during ita insertion and the absence of 
~ . ~. . . . . . . . . 
• •. clinical infla,,...tion following its removal • 
" 
. 
~ . t. 
· .
.) • ) . . . . . 
'the detection of the presence of the aerobic 
.. 
~ .) indicator organism in 83.6 per cent of the cultures from 
.. 
. . . 
' 
... the samples of the physiologic sulci which have been 
. . 
. . . . 
examined, suggests that viable organisms exist within 
. . 
. 
the majority of clinically healthy gingival crevices. A 
. 
. 
survey of the literature reveals that most other investi-
' 
ators7,15,24,41,42,43,46,50,63,103,105,116,139 are in g . 
. 
. 
. . . . . . J • .. ~ . agreement with these findings. However, there is the 
, 
·. 
J possibility that the introduction of the sterile glass 
. 
-- ~ capillary tubes can cause contamination of the crevices • 
. 
. ; 
'three possibilities exist for the lack of growth in the 
. 
- J remaining 16.4 per cent of the cultures. Pirstly, it is • 
. 
. . 
· .
·-
. . 
. . 
t 
, that the paper point fails possible in these cases to 
. . 
gain entrance into the sulcua, and thus no sample is 
· .
.. 
obtained. Another possibility exists that the sample 
~ , • . taken or that portion of it which is plated, because of 
. . 
its small size, ia not in all cases representative of 
. . the sulcular microflora, and alpha streptococcus is, in 
. 
- ' t 
. _, 
) fact, present. Pinally, there is a third possibility 
. . that the sulcus is sterile in these cases • 
. 
- ' 
., 
Bacteroides m•laninoqenis11e, the anaerobic indi-
., 
.J cator organism, has been demonstrated in only 6.6 per 
. 
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92 
cent of the cultures of the specimens obtained by the 
paper point technique. In aharp contraat, the cultures 
of samples of the scraping method are positive for the 
indicator organiam in 51.25 per cent of the cases. 
This difference may be accounted for by one or more of 
aeveral alterna.tives. Pirst, attention i• drawn to the 
fact that the sample size of the scraping method (about 
9.0 milligrams) 116 is approximately one hundred times 
greater than that of the paper point method , (about .09 
milligrams). One may expect an increased probability of 
obtaining I, p1apingatpigpg in this larger sample. 'l'he 
difference in the nature of the samples may provide 
another explanation for the contrasting results. The 
specimen• of the paper point method are essentially 
fluid, while those of the scraping method are of a 
particulate nature. The debris from the scrapings is 
likely to have contained cellular elements, and .a . 
melapinogapigua may exist in close proximity with these 
cells. A final possibility for the increased incidence 
of I, mel19ingaapigua from the scrapings is likely to be 
related to the cessation of normal ~ygiene. Xt has been 
shown that there is a direct relationship between the 
incidence of this organism and the state of oral 
hygiene. 37163 This increased incidence of the indicator 
organism may be related to the interruption of normal 
hygiene which permits the proliferation of vitamin x--
• 
93 
.. I . . . 
. 
- - . 
- producing organisms and thus provides essential an 
. . 
. . 
- -
J ~ •• •• J ) 74 J nutrient for 1 • maJ.aningsenicg1. Thus it is clear 
. . . 
. . . 
·-
J 
-
J •• ,, that different interpretations of the "normal" are 
J 
. 
• . . . 
.. .. . . J likely result from variations in sampling to technique. 
., 
.. . . 
In the determinations of sample size, the speci-
. . . . J . 
. 
' obtained subjected simultaneoualy to three 
. 
mens are 
. 
.. 
. factors• the subject examined, the area examined, and 
• 
. the date of examination. Thus the question arises as 
• . J J . . . J . 
. to whether the weight determinations are drawn from • ., 
" 
, 
. 
" 
; 
' 
. 
. - . single homogenous population or whether the various ., 
. J 
. . . . . . . . 
. factors above have effect sample size. The data 
.. t 
- . . 
. 
an on 
-
. 
. . . has been grouped according to subjects, areas, and 
. . ' .. , 
J ... session•, and these groupings have been compared by an . 
. . 
. . . analysis of variance (Table VIII) • 8 It has been 
~ 
. 
l •• 
. .. .. 
TABLB VIII 
. 
t • J .,. 
. · . ARALYSIS OF VAIUANCB . . . 
' . . . . . . . . . . .. . . . . 
. 
. 
. 
. ,_ 
. . . Variance p . .. . . . . . . . . . . . . . .. • . 
t I 
Between subjects 9.581 (0.05 
.. , . 
. 
Between areas 0.826 )' 0.05 
. 
' .. 
. . 
. 
. , , 
. . 
Between sessions 0.826 )'0.05 
) 
·. 
. ., > ; 
.. ~ , . . 
. . 
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-
' 
. 
. 
.... . . . 
determined that the factors of session and area do not 
. . . . . . - . . . . . . . . 
. 
. 
.. . . 
. have any significant effect on sample size., while 
• I • . . 
. 
. . •• , 
. . statistically significant variation does exist between 
. 
subjects. On the basis of a 'l'ukey test., 114 it has been 
determined that the variation between subjects can be 
. . . 
. 
. 
-
J 
. . ' • attributed entirely to subject number two (Table IX). 
.., 
~ t • 
. . . 
' 
.. 
-
. . ., TABLB IX 
. 
' 
., . 
. 
DD'l'PDCU D '!'BB JONIS B.litW IIN SUBJIC'.rS 
(Application of the 'l'ukey Teat) 
., -: •. The 'l'ukey teat has demonstrated that a difference of ~ ~ .,, 
greater than .0167 i• statistically significant at a 
l P level of o.os. ~ . 
. - . • 
J I ) . 
' 
Subject 1 2 3 4 5 
.Mean .086 .115 .087 .082 .090 
1 ·.006 .029 .001 .004 .004 
2 .115 .029 .028 .033 .025 
. . . 
3 .087 .001 .028 .oos .003 
. 
. 
4 .082 .004 .033 .005 .000 
, 
s .090 .004 .025 .003 .000 
A t-test8 has been performed to coapare the pooled data 
•. 
•. 
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of all five subjects to the pooled data of subjects one, 
three, four, and five1 this test further substantiates 
that the factor of subject does, indeed, affect sample 
size and thus the data obtained from the five individu-
als cannot be considered to be drawn from a single 
homogenous population . (Table X). 
TABLB X 
A COMPARATIVE EVALUA'1'IOB BB'l'WW THE GROUP OF ALL 
SUBJS:TS (GROUP A) A)1J) 'l'BK GROUP OF SUBJECTS 
CIIB, 'l'HRD, POUR, Al1I> PIVB (GROUP B) 
Mean SD SB t p 
Group A 
Group B 
.092 
.086 
.024 
.022 
.00216 
.00220 
1.864 > O. OS 
SD -- Standard Deviation 
SB -- Standard Brror 
Purther study on a larger number of subjects is 
necessary before any broad conclusions can be made. 
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summery 
A technique for bacteriologic investigation of 
the physiologic gingival crevice was presented. The 
technique consisted of the introduction of a glass 
capillary tube into the sulcular orifice with the sub-
sequent passage of an endodontic paper point through 
its llDllen to the base of the sulcus. In an attempt to 
investigate its accuracy and performance, the technique 
was applied to five subjects with clinically healthy 
gingivae. To facilitate this investigation, a readily 
identifiable indicator organiaa was selected for both 
anaerobic (BacteJAi4@@ melaninoganicus) and aerobic 
(alpha streptococcus) methods of culturing • 
'l'he aerobic indicator organism was found to be 
present in 83.6 per cent of the sulci examined. The 
anaerobic · indicator organism was observed in 6.6 per 
cent of the sulci examined. A comparison of these 
anaerobic results was made to the results of a scraping 
method which was positive for the anaerobic indicator 
organism in 51.25 per cent of the areas examined. An 
analysis of the size of the sample obtained with the 
paper point method indicated that although the area 
examined and the date of examination had no statistically 
significant effect on sample size, the sample varied 
significantly in relation to the subject examined. 
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1. 
congluaiona 
Organisms are present in most of the specimens 
obtained by the technique presented for the 
bacteriologic investigation of the physiologic 
gingival crevice. 
2. The black pigment-producing Bagtarqides species, 
presumably I, rne\anin99enigus, is relatively less 
numerous than is alpha streptococcus in samples 
obtained by this method • 
3. The technique presented secures a sample of 
relative uniform size in relation to the subject 
examined and appea~s to be the technique least 
disruptive to the balanced physiologic state of 
the s.ulcus • 
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Fig. 14.--The state of gingival health of subject 
number one. 
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Fig. 15.--The state of gingival health of subject 
number two. 
113 
Fig. 16.--The state of gingival health of subject 
number three. 
114 
Fig. 17.--The state of gingival health of subject 
number four. 
115 
Fig. 18.--T.he state of gingival health of subject 
number five. 
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TABLB XI 
SUBJBCT HUMBER 1 
SAMPieBS PIATBD OR B.A.P. AND GROWN ABROBICALLY 
Sample Size Right Left 
Date (Milligrams) Sulcua .Marg in Sulc us Marg in Saliva 
7-8-64 .0086 M p p N 
7-15-64 .0086 0 0 0 0 0 
.0009 .N .N p M 
7-22-64 .0086 M .N .N • p 
.0009 M .N M p 
8-S-64 .0086 p .N .N ll JI 
.0009 I' p 0 p 
8-12-64 .0086 F M p p F 
.0009 0 p 0 F 
9-2-64 .0086 F r F F • 
.0009 p 0 M 
9-21-64 .0086 p F 0 N M 
.0009 F 0 0 M 
10-19-64 .0086 0 p 0 F F 
.0009 0 0 0 F 
1-18-65 .0086 0 p p p 
2-1-65 .0086 0 p 0 0 F 
F -- Few (less than 25) alpha strep. 
M -- .Moderate (25-250) alpha strep. 
B -- Numerous (over 250) alpha strep. 
0 -- Absence of indicator org. 
I 
. . • . 
' 
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-
. . . .. . - . . . . . . . . . . . . . . 
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. . . . . . . . . . . . . . . . . . . . .. .. . .. - . - . . . . . . . . . . . . . . 
' 
. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 
.. ... . . . . . . . . . . . .. . . . - - .. .. . . . . . . . . . . . . . . . . . . . 
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• 
, 
. 
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TABLB XII 
SUBJBCT BUMBBR 2 
SAJIPLBS PIATBD ON B.A.P. Am> GROWN AEROBICALLY 
Sample Size Right 
Date (Milligrams) Sulcus Margin 
7-8-64 .0115 M N 
7-15-64 .0115 p 
.0012 F 
7-22-64 .0115 p F 
.0012 0 p 
7-29-64 .0115 p p 
.0012 p 0 
8-5-64 .0115 F p 
.0012 p F 
8-12-64 .0115 F p 
.0012 0 p 
9-2-64 .0115 p M 
.0012 0 F 
9-21-64 .0115 p p 
.0012 0 p 
10-S-64 .0115 M M 
.0012 F p 
10-19-64 .0115 0 F 
.0012 0 F 
1-18-65 .0115 M p 
2-1-65 .0115 )1 )1 
P -- Pew (less than 25) alpha strep. 
M -- Moderate (2S-250) alpha strep. 
N -- llTumerous (over 250) alpha strep. 
o -- Absence of indicator org. 
Left 
Sulcus Margin 
p N 
p F 
(:) 0 
0 0 
0 0 
p F 
0 0 
0 p 
0 p 
F p 
0 p 
0 M 
0 F 
0 F 
0 p 
p M 
p p 
.., 0 
p e 
p p 
p F 
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Saliva 
p 
M 
M 
M 
M 
N 
N 
M 
M 
p 
. ' 
. ' 
. . 
• • • • - ': • • • I • • .. 
. ' 
. . . .. .. .. . . . . . . . - .. . .. - . . .. . - . . . . 
• 
. . . .. . . . . . - . . . . . . . . . . . . . . . . .. . - . . . . . . . . . . ... 
. . .. . . . . . . . . . . . . . . . .. .. . - . . - . . . . . . .. . . . . . . .. .. .. . - . . ... . . .. . .. . . . 
.............................. -· . .. . . .. . . . . . -
. . . . .. . . - . - .. . . . . 
. .. . .. .. . . . . . - . .. . . . 
. . .. . .. . . .. . . . .. . . .. . . . . . . .. . . 
• 
- . . . . . . . .. . . . .. . .. . . .. . .. . . .. . . . . . . . . . . . . 
. .. . . . . . .. . . . .. . . . . . . . - . . .. . 
·· ·-- · ... .................. ... ... . . 
. . . .. . . .. . .. .. .. . . . 
j 
TABLE XIII 
SUBJBCT NUMBBR 3 
SAMPLES PLATED C»1 B .A. P. AND GROWN AEROBICALLY 
Date 
7-8-64 
7-15-64 
7-22-64 
7-29-64 
8-5-64 
8-12-64 
9-21-64 
10-5-64 
Sample Size 
(Milligrams) 
.0087 
.0087 
.0009 
.0087 
.0009 
.0087 
.0009 
.0087 
.0009 
.0087 
.0009 
.0087 
.0009 
.0087 
.0009 
10-19-64 .0087 
.0009 
1-18-65 .0087 
2-1-65 .0087 
Right 
Sulc us Marg in 
0 N 
N M 
p F 
N N 
p F 
F N 
F F 
F N 
F F 
N N 
M M 
N N 
M R 
F N 
I' F 
M N 
F M 
p N 
M M 
P -- Pew (less than 25) alp~a strep. 
M -- Moderate (2S-250) alpha strep 
Left 
Sulcus Margin 
F F 
0 N 
0 F 
p N 
p 'I' 
F I' 
0 F 
0 M 
0 F 
:r N 
0 N 
F M 
F 'I' 
F F 
0 F 
F p 
0 F 
N. 
F 
N -- NUmerous (over 250) alpha strep. 
O ~- Absence of indicator org. 
120 
Saliva 
F 
N 
0 
M 
M 
N 
M 
F 
N 
. . . . . 
. . . . . 
. .. .. . . 
> 
. . . . 
.. . . . . . . . .. 
.. .. . . .. . .. . . . 
. . . . 
. .. . .. . . .. . . . . 
.. . . . 
. . . - . . . . . .. . 
. . . . . .. . 
. . . . . . . . . 
. . . . 
.. . . . . 
.. .. . . . . . .. . . . . 
. .. . . . . . . . 
. . . . . . . . 
. . . .. . .. . . 
. . . .. . . . . . . 
' 
• 
. . . . . . . . . . . 
. . . .. . . .. . . . . . 
. . .. .. . . . . 
. .. . . . .. . .. . . . . 
. . . . . 
. . . . . 
. . . .. . . . . . 
. 
' . 
TABLB XIV 
SUBJIC'l' RUMBER 4 
SAMPLBS PIA TBD CB B .A. P. AND GIQti ABROBJ:CALLY 
121 
Sample Size Right Left 
Date (Milligrams) Sulcua Margin Sulcus Margin Saliva 
7-15-64 
7-22-64 
7-29-64 
8-5-64 
8-12-64 
9-2-64 
9-21-64 
10-5-64 
10-19-64 
1-18-65 
2-1-65 
.0082 
.0000 
.0082 
.0000 
.0082 
.0008 
.0082 
.0000 
.0082 
.0008 
.0082 
.oooe 
.0082 
.0008 
.0082 
.0008 
.0082 
.0000 
.0082 
.0082 
F 
F 
N 
p 
11 
M 
M 
p 
M 
p 
M 
r 
N 
p 
F 
0 
N 
F 
F 
M 
F 
N 
F 
M 
F 
N 
F 
0 
0 
N 
., 
N 
F 
M 
F 
N 
M 
N 
F 
F -- Few (less than 25) alpha strep. 
M -- Moderate (25-250) alpha strep • 
N -- Numerous (over 250) alpha strep. 
O -- Absence of indicator org. 
F 
0 
F 
F 
M 
F 
F 
F 
F 
F 
F 
F 
0 
F 
0 
M 
F 
F 
F 
F 
.,. 
F 
F 
F 
p 
F 
F 
p 
F 
0 
F 
0 
0 
0 
F 
.,. 
F 
M 
F 
N 
M 
0 
F 
F 
0 
F 
N 
F 
F 
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TABLB XV 
, SUBJBCT NUMBD 5 
SAMPLES PIATBD ON B.A.P. AND GROWN ABROBICALLY 
. . 
. . . 
. - .. - ,. .  . . . . . 
Sample Size Right Left 
-. ' . J Date (Milligrams) Sulcua Margin Sulcus Margin Saliva 
. . . . r • • ., .. . 
7-15-64 .0090 N N N N 
. . . . . . . . .. 
.0009 ..,. M M N 
7-22-64 .0090 ..,. M M F 0 
. . . . . . .0009 0 F F F . . . . . . . . .. . . . . . 
7-29-64 ,0090 N N N N M 
. . . . . . . . . . . . . .0009 F N ..,. M 
8-S-64 .0090 N N M F M 
. . . . . . . . .0009 F M F 0 
8-12-64 .0090 F F F M M 
. . . . . . . . .0009 F F 0 F 
• 
. 9-2-64 .0090 ..,. M 0 F p 
• 
. . 
. . . . . . . . . . . .0009 F F 0 F 
9-21-64 · .0090 F N 0 F M 
. . . . . . . . . . . . . . . .0009 F F 0 F 
• 
10-5-64 .0090 F N ..,. M M 
. . . . . . . . .0009 F M F F 
i0-19-64 .0090 M M F M N 
.0009 F F F I' 
. . . . . . . . . . . . . . . 1-18-65 .0090 F M M F 
. . . . . . .. . 2-1-65 .0090 F M F 
. . . . . 
F -- Pew (less than 25) alpha strep. 
' 
M -- Mod•rate (25-250) alpha strep. 
, N -- Numerous (over 250) alpha strep. 
0 -- Absence of indicator org. 
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